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Abstract

By incorporating bio-specific receptors, suctpak),12-pentacosadiyneN3,6,9-trioxaundecylamide}-p-mannopyranoside (MPDA),
into 10,12-pentacosadiyonic acid (PDA) monolayer, the MPDA/PDA monolayer underwent affinochromatic transition in response to the
bacteria binding to the receptor. Here, we described a new method to study the membrane/macromolececular interacti&s tietweleia
coli (E. coli) and mannose and its relative affinochromism by modifying MPDA/PDA with CdS nano-crystallites (MPDA/PDA-CdS). CdS
not only triggered the strong tropism of the bacteria but also reduced the rigidity of the MPDA/PDA backbone, resulting in the enhanced
affinochromism. This discovery might be of significance in basic biophysical studies of membrane/macromolececular and designing novel
biosensor.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of the PDA monolayer in response t6. coli was en-
hanced by the modifying the terminal carboxyl group

Studies on the interactions between exotic macro- of PDA with CdS nano-crystallites with the aid of LB

biomolecules and bio-membrane of the cell surface are technology.

necessary to understand various biological processes, such

as special biointeraction between mannose Bstherichia

coli (E. coli) [1,2]. It has been reported that diacetylene can 2. Experimental

be polymerized into blue polydiacetylence (PDA) by ultra-

violet irradiation, and could be triggered an affinochromatic 2.1. Chemicals

phase transition in response to the bacteria by incorporating

bio-specific receptorf2—8]. In recent years, semiconductor ~ 10,12-Pentacosadiyonic acid (PDA) was purchased from

nano-crystallites have attracted considerable attention and~archan Laboratories (USA), and was re-crystallized from

been used as powerful detection and encoding ag@ndsie ~ Petroleum ether before use-10,12-Pentacosadlyne-

to their unique size-dependent chemical and optoelectron-3,6,9-trioxaundecylamide-p-mannopyranoside  (MPDA)

ics propertieg10]. And semiconducting nano-crsystallites Was provided by Dr. Peng Wang (Department of Chem-

(Cds' AQS, FeS' for examp|e) have ah’eady been eas"y iStry, UniVerSity of M|am|) All other reagents used were of

prepared in a wide variety of different mediae such as taking analytical grade without further purification.

LB technology to in situ generate nano-crystallif@g]. In

this paper, we report our discovery that the affinochromism 2.2. Preparation of monolayer

Typically, 1.0mM of 1:20 (mole ratio) MPDA/PDA
* Corresponding author, Teks-+86-431-5262243; which was dissolved in a mixed solution of 5:1 (v/v) chloro-
fax: +86-431-5262243. form and methanol was spread on the surface of KSV-5000
E-mail addresslijingh@ciac.jl.cn (J. Li). twin-compartment Langmuir trougfil2]. The film was
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Scheme 1. Schematic representation of the construction of polymerized MPDA/PDA (A) and MPDA/PDA-CdS (B) monolayer.

compressed to a constant pressure (20 mN/m) at a speedsm for colorimetric detection and bactericidal studies, and

of 4 mm/min, and allowed to equilibrate for 20 min. Then,
it was irradiated with 254 nm light for 10s (1.8 mW/émn
and transferred to the microslide’s surface by horizontally
lifting the microslide from the water surface.

2.3. CdS nano-crystallites modified PDA monolayer
(MPDA/PDA-CdS)

The modification of the terminal carboxyl of PDA with
CdS nano-crystallitesScheme 1Bwas achieved by in situ
generation methofl1,13] Briefly, MPDA/PDA monolayer
modified microslide was immersed in 1PM CdCl, solu-
tion for 2 h, and after that MPDA/PDA was exposed tgH
gas for 1 h in a sealed glass bottle. The formation of CdS
nano-crystallites on the headgroup of terminal carboxyl of
PDA was confirmed by UV-Vis spectrum after taking out
the backgroundHKig. 1). It can be seen that there was a
typical absorption of CdS nano-crystallites at ca. 427 nm,

and the size of CdS nano-crystallites was estimated to beg

ca. 3nm[14]. The formation of CdS was also proved by
XPS spectra, which was in agreement with the literature
[15]. The binding energy values for S 2p and Cds3d
were 161.8 and 405.5 eV, respectively (calibrated with C 1s,
248.6eV).

2.4. Bacteria solution preparation

E. coli K12 (44106-2, obtained from School of Basic
Medicine, Jilin University) was used as model microorgan-

was cultured aerobically at 3T for 18 h on solid medium
(pH 7.4) in 1L beaker containing 10% peptone, 5% NacCl,
and 20% agar. The solid medium was warmed up and solved.
The autoclave was operated at a pressure of ca. 15/ién.
121°C) for 30 min. The bacteria on medium were washed
with normal saline three times, centrifuged at 1209 for

10 min, and at last diluted with the physiological saline to
the concentration of ca. @ 108 cell/ml, which was deter-
mined by a turbidimetry.

0.20

3
&
0.10

g
o]
7]
Q
<

0.05

0.00

T T T T T
300 400 500 600 700 800 900

Wavelength (nm)

Fig. 1. UV-Vis spectrum of CdS nano-crystallites on the MPDA/PDA
monolayer (after taking out the background).
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Fig. 2. (A) UV-Vis spectra of CdS nano-crystallites modified MPDA/PDA monolayer before (solid) and after (dash) incubati@h eothK12 bacteria
for 30s. (B) Colorimetric response (CR) of MPDA/PDA monolayer with (solid) and without (dash) CdS nano-crystallites modification under various
incubation time withE. coli K12 bacteria.

2.5. UV-Vis spectroscopy After the monolayer was modified with CdS¢heme 13
the basic chromatic properties of PDA monolayer were al-
UV-Vis spectra were measured by using UV-360 spec- most not altered but with a much larger CRd. 2A). The
trometer (made in Japan, Shimadzu). blue-colored monolayer also had a maximum absorption at
640 nm and a weaker absorption at 540 nm, while after in-
cubation withE. coli K12for 30s, the CR value increased

2.6. Resonance Raman spectroscopy s ‘ ’ ) ;
to 26%. Under various time of incubation, this phenomenon

Resonance Raman spectra were measured on Raman invas all observedH(g. 2B).

finity spectrophotometer (made in France) at a resolution of "€ basic colorimetric properties of MPDA/PDA were
4cnit. The 488 nm line with a power of 50 mW from an not changed by the modification with CdS. It was confirmed

argon ion laser was used as excitation source. A polarizingPy Reésonance Raman spectra, which was demonstrated
beam splitter composed of two half-wave plates and a po- N Fig- 3 Both MPDA/PDA and MPDA/PDA-CdS mono-
larizing cube was used to control continuously the power &y€r had two typical major bands at 1507 and 2117%‘”‘_

of the exciting radiation reaching the samples. The polar- These peaks _mostly determ_lned its colorlmetn(_: properties,
ization of the 488 nm beam was oriented perpendicular to @nd were assigned, respectively, to the stretching modes of
the entrance slit of the spectrometer in order to generateth€ double and the triple carbon-carbon bonds in the blue

RR scattering. To avoid the influence of the photo-induced MPDA/PDA backbong16].
thermochromism, the sample was placed in the condition of
lower temperature.

0
3. Results and discussion
MPDA/PDA monolayer $cheme 1Ahad a typical max- 400+
imum UV-Vis absorption at 640 nm, and a weaker absorp- 5
tion at 540 nm. When MPDA/PDA was incubated wih < anr /s
coli K12 [12] in 30s, the color of the monolayer changed % it
. . C /
from blue to red. The maximum absorption at 640 nm de- pp— /
creased and the weaker absorption at 540 nm increased and™ 1507 P
the colorimetric response (CR) valueas ca. 11%. ] i i
1000 fi e
/ \\ T
o —’)_,/j' N ommemms o
Ln order to quantify the response of a monolayer to a given amount B0 0 150 D 170 4ED 190 200 210 220
of bacteria, the visible spectrum of the monolayer before to bacteria was
analyzed asBo = Isa0/(Is40 + Isa0). The same valueB) was calculated Raman Shift(cm™1)

for monolayer exposed t&. coli K12 The colorimetric response of a
monolayer is defined as the percent changB upon exposure to bacteria Fig. 3. Resonance Raman spectra of blue MPDA/PDA monolayer with
CR = [(Bo — By)/Bo] x 100%. (solid) and without (dash) the modification of CdS nano-crystallites.
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The process of the affinity betwe&ncoli K12and MPDA membrane system offered us a new pathway to study
mainly includes two steps—the reversible non-specific ab- membrane/macromolececular interaction by modifying
sorption and then the irreversible specific binding. Firstly, MPDA/PDA and might be of significance in designing
E. coli K12would close to MPDA spontaneously, and the novel biosensor, biophysical studies, and biomedical ap-
absorption was reversible. Becalsecoli K12was negative plications. The further wok will focus on the research of
charged, and MPDA/PDA monolayer, if was not modified photo-physical properties of MPDA/PDA-CdS monolayer
with CdS nano-crystallites, was negative charged in the pH in the biochemical and biophysical processes.
of 7.4, MPDA/PDA was inclined to repulse the approach of
the bacteria. However, when MPDA/PDA monolayer was
modified with CdS nano-crystallites, which were partial Acknowledgements
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