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ABSTRACT 
 

 Seven species of Salmonella and five specis of Shigella were chosen for study 
on identification of Enterobacteriaceae grown on four different growth media using 
transmission Fourier-transform infrared (FTIR) spectroscopy.  The four growth media 
were Casein peptone/soy meal peptone (CASO) agar, Columbia blood agar, 
MacConkey agar and Salmonella-Shigella (SS) agar.  The reproducibility of the 
spectra of every strain was good.  The hierarchical cluster analysis of the first 
derivative spectra showed the Salmonella and Shigella strains grown on each media 
could be discriminated by combination of 5 wavelength regions.   

For the effect of incubation time on FT-IR identification method, three strains 
Cryptococcus neoformans were studied.  During 1-8 day of culture on Sabouraud 
dextrose agar (SDA), all three strains were analyzed by FT-IR to obtain spectra for 
cluster analysis.  The hierarchical cluster analysis of the second derivative spectra of 
every wavelength showed that 3-4 day cultures gave the best result for differentiation 
of each strain. 

The synthetic polymer, poly(methyl methacrylate) (PMMA), was chosen to 
study of hydrogen bonded carbonyl group in protein. The fraction of directly-bound 
carbonyls of surface-adsorbed PMMA was determined using transmission FTIR 
spectroscopy. The small size of the silica used allowed these measurements to be made 
directly in the transmission mode from dried casts deposited on KBr crystals. Curve 
fitting of the carbonyl-stretching region allowed the estimation of both the relative 
amounts and also the relative ratio of the absorption coefficients for the free and bound 
components. The bound fractions were found to vary smoothly from 0.35 to 0.1 for 
adsorbed amounts from 0.3 to 1.2 mg PMMA/m2. The bound fractions depended 
primarily on the adsorbed amount of polymer. Only very small, perhaps even 
negligible, direct effects of the solvent composition (toluene vs benzene/acetonitrile) 
or molecular mass (32 to 420 kg/mol) were observed. 
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บทคัดย อ 
แบคทีเรียกลุมซัลโมเนลลา 7 สปชีสและชิเจลลา 5 สปชีสไดถูกเลือกมาเพื่อศึกษาการจัดกลุมและการ

ระบุชนิดของเชื้อกลุมเอนเทอโรแบคเทอเรซีที่เจริญบนอาหารเลี้ยงเช้ือ 4 ชนิด คือ เคซีนเปปโตน/ ซอยมีล 
เปปโตน, แมคคองกีและซัลโมเนลลาชิเจลลาโดยใชฟูเรียทรานสฟอรมอินฟราเรดสเปกโตรสโคปชนิดสองผาน    
สเปกตรัมของเชื้อแตละชนิดมีคาความคงที่ดี  การวิเคราะหคลัสเตอรแบบลําดับช้ันของอนุพันธุสเปกตรัมลําดับที่ 
1 แสดงใหเห็นวาเช้ือกลุมและซัลโมเนลลา  และชิเจลลา ที่เจรญิบนอาหารเลี้ยงเชื้อแตละชนิดสามารถถูกแยกกลุม
ไดโดยใชชวงความยาวคลื่น 5 ชวงผสมผสานกัน 

เช้ือคริปโตคอคคัสนีโอฟอรแมนส 3 สายพันธุไดถูกนํามาศึกษาอิทธิพลของระยะเวลาในการเลี้ยงเช้ือตอ
การระบุชนิดของเชื้อโดยใชฟูเรียทรานสฟอรมอินฟราเรดสเปกโตรสโคป เช้ือที่เจริญบนอาหารเลี้ยงเช้ือซับโบโร
เดกสโทรสอายุ 1-8 วันไดถูกนํามาวิเคราะห  การวิเคราะหคลัสเตอรแบบลําดับช้ันของอนุพันธุสเปกตรัมลําดับที่ 2 
แสดงใหเห็นวาเชื้อคริปโตคอคคัสนีโอฟอรแมนส ที่ใชเวลาในการบม 3 และ 4 วันใหผลการแยกชนิดสายพันธุได
ดีที่สุดในทุกชวงความยาวคลื่น 
 การศึกษาหมูคารบอนิลที่เกิดพันธะไฮโดรเจนโดยใชโพลีเมอรสังเคราะหโพลีเมทิลเมทาคริลเลท 
(PMMA) เพื่อศึกษาหมูคารบอนิลที่มีพันธะไฮโดรเจนในโปรตีน เทคนิคนี้สามารถประยุกตในการศึกษา
โครงสรางทุติยภูมิของโปรตีนได   ปริมาณของหมูคารบอนิลของ (PMMA) ที่สรางพันธะกับพื้นผิววัดไดโดยใชฟู
เรียทรานสฟอรมอินฟราเรดสเปกโตรสโคปแบบสองผาน (transmission FT-IR) เนื่องจากผงซิลิกาที่ใชมีขนาดเล็ก
มากจึงทําใหสามารถวัดแสงสองผานตัวอยางที่เคลือบบนผลึก KBr ไดโดยตรง จากการจําลองกราฟในชวงการสั่น
แบบยืดของหมูคารบอนิลทําใหสามารถหาปริมาณสัมพันธและอัตราสวนของคาการดูดกลืนแสงของหมูคารบอ-
นิลอิสระกับที่ตรึงอยูกับพื้นผิว (bound fraction) อยูระหวาง 0.35 ถึง 0.1 สวนปริมาณของ PMMA บนพื้นผิวอยู
ระหวาง 0.3 ถึง 1.2 มก./ม2 bound fraction จะขึ้นอยูกับปริมาณของโพลิเมอรบนพื้นผิวเปนหลัก สวนผลของตัวทํา
ละลายน้ันเล็กนอยมากจนไมตองคํานึงถึงเลยเชน โทลูอีน กับ เบนซีน/อะซิโตไนไตรท หรือมวลโมเลกุลที่ศึกษา
ระหวาง 32 ถึง 420 กิโลกรัมตอโมล 
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CHAPTER I 

INTRODUCTION 

 
 

Fourier-transform infrared (FT-IR) spectroscopy is normally used for the 

identification of substances in chemical analysis.  The wavelength of infrared radiation 

ranges from 1 μm to 1 mm.  In general, the wave number n, the reciprocal of the 

wavelength, is used as a physical unit for FT-IR spectroscopy.  Infrared radiation is 

divided into near (ν = 12,500 to 4,000 cm-1), middle (ν = 4,000 to 200 cm-1), and far (ν 

= 200 to 10 cm-1) infrared.  In this work, only the middle infrared section was used. 

FT-IR spectroscopy involves the observation of vibrations of molecules that are 

excited by an infrared beam.  Molecules are able to absorb the energy of distinct light 

quanta and start a rocking or rotation movement. The FT-IR spectrum uses only 

vibrations that lead to a change in the dipole moment. An infrared spectrum represents 

a fingerprint which is characteristic for any chemical substance [17].  Infrared spectra 

of complex biological matters such as microbial, plant or mammalian cells, tissues and 

body fluids are highly specific vibrational spectroscopic signatures.  The spectra can 

be used to discriminate between diverse microbial species and strains, characterize 

particular cell structures in the cell cycle, describe cell-drug interactions, and identify 

various disease states in humans [7]. 

FT-IR spectra of bacteria are fingerprint-like patterns that are highly reproducible 

and typical for different bacteria [8].  They show broad and complex contours rather 

than distinct peaks in contrast to those of pure chemical compounds.  The IR spectra of 

bacteria or other organisms contain information about the functional groups in 

compounds, such as cell wall components (lipids, polysaccharides, and peptides), 

nucleic acids, proteins, storage products, etc [9].  The information of spectral 

differences between different organisms is represented by small variations of the 

spectra.  Special mathematical algorithms such as the quantitative measure of 

similarity have been developed to correlate even very small differences to systematic 

groupings of the organisms [10-13]. Because of the development of Infrared 
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spectrometer, Fourier transform technique, modern multivariate statistical methods 

and powerful computers, it become possible to record spectra of microorganisms for 

comparison experiments, as well as to store and evaluate such spectra. The 

development of FT-IR with special light microscope can scale down the sample 

requirement.  Even microcolony spots of less than 20 μm in diameter (which 

corresponds to less than 103 bacterial cells) can be analyzed. 

The shortest time for pathogenic identification of is an important determinant 

of degreasing infection-related mortality rates of hospitalized patients.  Rapid 

identification techniques significantly reduce mortality and costs associated with 

infectious diseases.  Most commercially available identification systems in routine use 

in hospitals are based on the physiological and nutritional characteristics of 

microorganisms.  These systems require a pure microbial culture and large inoculums. 

Consequently, a turnaround time of 24 h (e.g., for Staphylococcus aureus) to up to 5 

days (for Candida species) between receipt of patient material and presentation of 

identification results to the clinician is common.  Therefore, empirical treatment with 

broad-spectrum antibiotics is often started while awaiting further identification of the 

pathogens.  It has been reported that, as a result of this, 10 to 30% of patients suffering 

from bloodstream infections in intensive care units (ICUs) do not initially receive the 

correct antimicrobial therapy [115]. 

Identification of bacteria or other microorganisms is the basis of 

microbiological work.  The basic requirements for identification are that it has to be 

cheap, quick, easy to perform, and reliable.  FT-IR is a non-destructive technique and 

can be analyzed data in a little time.  Fourier transform technology allows small 

quantities of a sample to be measured with a high signal-to-noise ratio.  Only one 

primary plate can be used to identify bacteria by FT-IR.  For classical identification, 

the microbiological laboratory has to buy and prepare a lot of media to do biochemical 

testing.  This technique does not need a lot of biochemical testing media, any 

expensive reagent and complicate sample preparation.  So it can save money and 

decrease work load of technician in diagnostic laboratory.  

Because FT-IR is a very sensitive technique, changing of cell composition and 

metabolism will affect the spectra. There are several influent effects on the quality and 

reproducibility of the spectra.  The most important ones are growth media, incubation 
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temperature, incubation time, and sample preparation.  A standardized procedure is 

required, i.e. the same incubation conditions and, most importantly, the same media 

for test and reference organisms have to be used [9].   

Normal media for culture bacteria for analysis by FT-IR is CASO (casein 

peptone/soy meal peptone) agar.  The advantage of it is that the chemical component 

can be controlled.  Most bacterial strains used in industry can grow on CASO agar.  In 

clinical laboratory, culture media for enteric bacteria are blood agar, MacConkey agar 

and other selective media such as Salmonella-Shigella (SS) agar. The composition of 

these media is very difficult to control which may be the reason why FT-IR hasn’t 

been used in real clinical laboratory.  Nowadays, there are no FT-IR libraries that use 

for bacteria grown on culture media used in clinical laboratory.   Some species of 

fastidious pathogenic bacteria cannot grow on CASO agar or peptone agar, hence, 

enriched media such as Columbia blood agar must be used.   Selective media such as 

MacConkey agar or SS agar can help technician to select the suspected colonies grown 

on agar plate. 

In most publications, researchers used plain media, which could be produced 

consistency, such as CASO agar.  The use of MacConkey and SS agar had never been 

reported. There is no publication on FT-IR identification method for 

Enterobacteriaceae on different growth media besides CASO agar [8] and no 

publication on identification of Shigella by FT-IR.  The use of library constructed 

from different growth media in combination with selective media could be confirmed 

together which make the result more accurate.  This study is the first study to culture 

Enterobacteriaceae on selective and differential media such as MacConkey agar and 

SS agar to identify microorganisms using FT-IR. 

Among the influent effect to FT-IR spectra, the growth medium and film 

drying during preparation technique are the strongest effects.  The variation of 

medium composition results in significant change in spectral distances in cluster 

analysis.  The composition of the medium is one of the most important factors in term 

of reproducibility, whereas variation in incubation time and temperature are less 

influences to the IR spectra for bacterial identification.  However, the incubation time 

may affect other complex organisms such as yeast cell more than bacterial cell. 
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Normally, differentiation using colony morphology could not discriminate 

Cryptococcus neoformans that are poorly differentiated on Sabouraud dextrose agar 

(SDA), which is used as a primary plating medium worldwide.  Generally, single 

colonies are chosen at random for molecular studies [111, 112] such as the random 

amplified polymorphic DNA (RAPD) –PCR technique [113], Electrophoretic 

karyotyping (EK) technique.  For these techniques, C. neoformans isolates had to be 

cultured more than 5 days before analysis but FT-IR technique spends less time for 

culture and the technique is not consumable and need no expensive reagents.  The 

thesis will study the effect of incubation time to find the appropriate culture time for 

identification of Cryptococcus neoformans using FT-IR. 

The chemical substance dominated in the cell is protein.  Cell proteins are 

typically indicated by a number of amide bands. They dominate at 1658/1656 cm–1 

(amide I), and show other distinct bands at 1537/1535 cm–1 (amide II) and 1240/1235 

cm–1 (amide III). A shoulder at 1685 cm–1 in the FT–IR spectrum of bacteria (amide I 

region) can be due to C=O stretching vibration of cyclic amides. Carbonyl groups of 

cell wall glycopeptides absorb strongly at 1080 cm–1. The same spectral region, 

however, i.e., 1100-1000 cm–1, could be assigned to the PO2 stretching vibration of the 

phosphate group and a C-O stretching vibration, both of them belonging to the nucleic 

acid ribose or deoxyribose moieties [20].  During the sample preparation, sometimes 

hydrogen bonded carbonyl occurs in protein molecule to the substrate containing 

hydroxyl group.  These may make the IR-spectra peak in the amide region change. 

The studies of hydrogen bonded carbonyl may be explained the molecular structure of 

protein especially the secondary structure for other application such as protein 

immobilization.  So this molecular bonding will be studied in this work.  Because 

protein molecule is biopolymer that is very complex, the less complex polymer 

contained carbonyl group, poly(methyl methacrylate) (PMMA), is chosen for this 

study. 

The properties of adsorbed polymers are often different from those of bulk 

polymers. The interaction between polymers and substrates is an important factor 

because it is responsible for the changes in properties observed in adsorbed polymers. 

When carbonyl-containing polymers, such as poly(methyl methacrylate) (PMMA) are 

adsorbed on oxide surfaces, the carbonyl groups may hydrogen bond with the 
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hydroxyl groups present. Carbonyl groups that are hydrogen bonded in this way are 

referred to as “bound”. Determination of the fraction of bound segments has been the 

focus of many studies. The results from various experiments have differed in their 

estimation of bound fractions because the various techniques are sensitive to different 

properties.  

This thesis studied on identification of Enterobactericeae using different 

growth media by FT-IR.  Salmonella and Shigella were chosen because they can grow 

on four different media used in clinical microbiology laboratory.  Culture media used 

in this study were CASO agar, Columbia blood agar, MacConkey agar and SS agar.  

Some strains of Enterobactericeae were also studied.  Besides, The effect of 

incubation time for identification of Cryptococcus neoformans and hydrogen-bound 

carbonyls in poly(methyl methacrylate) (PMMA) adsorbed on silica were studied. 
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CHAPTER II 

Objectives 
 

 

 The specific objectives of this study are 

 

1. To generate FT-IR spectra for study possibility to identify Enterobactericeae 

grown on different types of culture media such as CASO agar, Blood agar, 

MacConkey agar, and Shigella-Salmonella (SS) agar. 

 

2. To analyze FT-IRspectra of Enterobactericeae for identification by comparing 

with conventional method using CASO agar, Blood agar, MacConkey agar, and 

Shigella-Salmonella (SS) agar as culture media. 

  

3. To find optimum incubation time for differentiation of Cryptococcus neoformans 

isolates. 

 

4. To study hydrogen-bound carbonyls in poly(methyl methacrylate) (PMMA) 

adsorbed on silica. 
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CHAPTER III 

LITERATURE REVIEW 

 

 

Classification and Identification of microorganisms using FT-IR. 
 

    In the last decade, several papers were published on the use of Fourier-

transform infrared (FT-IR) spectroscopy as a means of rapid differentiation and 

identification of microorganisms [1–10]. These authors achieved the characterization 

and identification of microorganisms using modern FT-IR spectroscopy in conjunction 

with pattern recognition methodologies such as hierarchical clustering, factor analysis 

and artificial neural nets. The FT-IR spectra of microorganisms have been described as 

fingerprint-like patterns, which are highly typical for different species and strains and 

it has been shown that Gram-positive and Gram negative bacteria can be perfectly 

discriminated on the basis of their FT-IR spectra [2–5]. The application of FT-IR 

spectroscopy has been reported for selected bacterial species of the genus 

Staphylococcus, Streptococcus, Clostridium, Legionella [5], Streptococcus [11], 

Lactobacillus [12], Actinomycetes [13], Listeria [14], Bacillus [15], Enterococcus [7] 

and coryneform bacteria [8] and other microorganisms such as food borned yeast [17]. 

These authors demonstrated that it is possible to differentiate and classify 

microorganisms at different taxonomic levels and even at the strain level. Unknown 

species and strains of the genus Staphylococcus, Streptococcus could be properly 

identified when included in an established cluster analysis or artificial neural net 

[5,16]. The study from Kansiz and co-workers [17] has shown that the FT-IR 

technique combined with chemometrics can be used as an additional method to 

discriminate different cyanobacterial taxa. Moreover FT-IR spectroscopy proved to be 

a successful method for the identification and differentiation of yeasts [18–20]. FT-IR 

spectroscopy has not only been used to identify microbial isolates but also as a 

screening technique of bacterial isolates from the environment [21]. In this way 
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hundreds of Antarctic isolates could be sorted according to the spectral features of 

their complex chemical composition. Other FT-IR techniques, such as specular 

reflectance FT-IR or diffuse-reflectance FT-IR (DRIFT) were also successfully tested, 

e.g. for the differentiation of Gram-negative and Gram-positive bacteria without 

removal from the agar growth media [22] or for rapid identification of various 

Streptococcus and Enterococcus species [23]. 

Because FT-IR is a very sensitive technique, the change of cell composition 

and metabolism will affect the spectra.  A standardized procedure is required, i.e. the 

same incubation conditions and, most importantly, the same media have to be used [9].  

So Culture media must be controlled.  Normal media for culturing bacteria for analysis 

by FT-IR is casein peptone/soy meal peptone (CASO) agar or tryptone soya agar 

(TSA) because the chemical compound can be controlled.  Most strains of bacteria 

used in industry can grow on CASO agar.  In clinical laboratory, primary culture 

media for enteric bacteria are blood agar and MacConkey agar. It may be the reason 

why FT-IR hasn’t been used in real clinical laboratory. Because there are no FT-IR 

libraries that use for bacteria grown on culture media used in clinical laboratory and 

some species of fastidious pathogenic bacteria cannot grow on CASO agar or peptone 

agar so enriched media such as Columbia blood agar must be used.   Selective media 

such as MacConkey agar or SS agar help the technician to select the suspected 

colonies grown on agar plate.    

There are several influences affect to the quality and reproducibility of the 

spectra. 

1. Influences of the culture conditions [19] 

1.1. Growth medium 

The growth medium has a strong effect on the spectra.  Even the smallest 

differences in the employed medium can have effects on the organisms.  Such changes 

in the medium can come about because the media were exposed to high temperature 

for different length of time (e.g. during autoclaving), or slightly different 

concentrations of components were weighed into the medium.  For reproducible 

results it is therefore necessary that pre-poured plates of a medium are used as they are 

supplied from certain manufacturers. 
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1.2. Temperature 

Even differences in the cultivation temperature can have an effect on the 

structure of the organisms.  For example, metabolic processes take place at an 

accelerated rate with increasing temperature, and the composition of the cytoplasmic 

membrane changes (at higher temperatures, more saturated fatty acids are incorporated 

into lipids).  For this reason, the temperature should also be standardized during 

cultivation; with modern incubators this does not normally present a problem. 

1.3. Incubation time 

All microorganisms undergo differing growth rates (with different 

metabolic rates) during the course of cultivation.  For that reason it is important that 

this parameter also be held constant for a given organism.  Experience shows that it is 

always best to measure the cells during the early stationary growth phase since 

normally there are no significant changes in the composition of the cell for 1-2 hours 

during this phase. 

1.4. Other influences 

Plates with a solid medium should always be inoculated using the “three-

quadrant technique”.  In the case of aerobic liquid cultures care must be taken to 

guarantee a constant oxygen supply.  This means for example the same vessel, the 

same fluid volume, the same shaking speed. 

 

2. Influences of preparation conditions 

2.1. Degree of drying 

A very important parameter that absolutely must be held constant is the 

degree of drying of the films on the ZnSe sample wheel.  One must take care that the 

drying takes place as quickly as possible.  A desicator should be used with the smallest 

volume possible.  The vacuum level achieved should always be monitored with a 

pressure gauge and lie in the range 4-7 kPa (=30-50 Torr, = 40-70 mBar).  With poorer 

vacuum, the drying takes substantially longer, with a higher vacuum the water begins 

to boil, i.e. the films can become irregular and samples can spatter.  The drying agent 

must not be saturated, which in the case of Silica Gel means that it is should still be 

blue. 
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2.2. Other concerns 

When harvesting from solid growth media, the cell material should always be 

from the confluent growth of the third quardrant.  No agar material is to be taken over 

into the FT-IR sample.  Cell material from liquid cultures must always be centrifuged 

off according to the same procedure, and washed sufficiently such that no growth 

medium remains are incorporated into the measurement. 

 

Table 1   The important factors to keep standardized to prevent the spectra from  

mis-evaluation [19]. 

Parameter Degree of Influence 

Growth medium 

Film drying 

Temperature 

Incubation time 

Spreading and harvesting technique 

Spectrometer type 

+++ 

+++ 

++ 

++ 

+ 

+ 

 

Traditional presumptive identification of bacteria starts by inspecting the 

colony morphology when the cells have been cultured on solid media, followed by 

microscopy of Gram-stained preparations. Bacteria can be divided into groups based 

on their cell shape, arrangements and cell wall characteristics. Based on these 

morphological characteristics, a series of tests is performed to examine the 

biochemical, physiological, and nutritional properties of an organism, leading to its 

identification [64]. 

Traditionally, the tests are combined in a series of solid and/or liquid media, 

which are inoculated with bacteria and interpreted after a certain incubation period. 

Most tests are interpreted by changes in elegant indicator systems. Staphylococci, for 

instance, produce catalase, which breaks down hydrogen peroxide, whereas 

enterococci do not have that particular enzyme. A great number of different tests are 

often needed for a definitive identification of the organism. Performing all these 

traditional tests is often laborious, sometimes hard to standardize and may take up to 2 

to 3 days to complete for most clinically relevant organisms. A substantial fraction of 
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this time is accounted for by the initial culturing step in order to obtain enough cells or 

biomass of a pure culture to perform the tests. As a consequence of the amount of 

work involved in microbial determination, an increasing number of automated systems 

is becoming available [95]. Some of these identification systems can produce a result 

within 2–4 h after the initial culture has yielded enough cells (usually 16–24 h) [96]. 

Early identifications of limited biomasses can be achieved because of the timely 

ability to detect some metabolic activities. 

Although the total identification time required has been reduced, emergency 

situations may require immediate action, even before the identification results become 

available. Common practice is, therefore, to start a broad-spectrum empiric 

antimicrobial therapy based on clinical experience and knowledge of the pathogenesis 

and epidemiology of infections.  As soon as the microbiology laboratory reports the 

test results, the physician can modify the initial therapy and specifically target the 

microorganism that causes the infection. There is, however, a possibility that the 

causative microorganism is resistant to the empirical drug regimen, thereby leading to 

a failure of the initial therapy. Besides, many broad-spectrum antibiotics are expensive 

and have toxic side effects.  Therefore, it is imperative to have the laboratory results as 

soon as possible [97].  Conducted a comparative study, in which all patient specimens 

were processed, either with a rapid method, producing results on the same day, or with 

a more traditional overnight method that produced results only known the next day. 

Both identification schemes were started upon growth of microbial pathogens, which 

took approximately 24 h for both groups.  Besides the advantages in reducing 

morbidity and mortality rates, it was found that the overall costs for the hospitalization 

were significantly lower for the group in which the rapid identification scheme was 

used. 

Aside from the miniaturized phenotypic identification systems, there are 

several other possibilities for the rapid identification of clinically relevant 

microorganisms.  Methods based on molecular biology for rapid diagnostic 

microbiology have been developed and are currently being evaluated for their 

usefulness [98].  Most of these tests are targeted at specific DNA sequences enabling 

species-specific identification or demonstrating the presence of antibiotic resistance 
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genes for instance, Detection of a streptomycin/spectinomycin adenylyltransferase 

gene (aadA) in Enterococcus faecalis [99].   

Major advantages of molecular diagnostics are the high sensitivity, specificity, 

and potential speed (as little as 7 min have been reported for the detection of bacteria 

directly in a sample) [100].  To detect a microorganism, theoretically, only one copy 

of bacterial DNA is required for PCR. Because of this sensitivity, it is possible to 

detect non-cultivable organisms or identify fastidious organisms at an earlier time 

[101]. An exciting approach in molecular diagnostics is the DNA-chip. On a small 

solid support, high numbers of molecular probes can be attached and a sample can be 

screened against all probes at once [103]. 

A different approach towards the rapid identification of microorganisms is 

based on spectroscopic techniques. Pyrolysis mass spectrometry (PyMS) and matrix-

assisted laser desorption ionization time of flight (MALDI-TOF) mass spectrometry 

are examples of so-called destructive techniques that show potential for identification 

methods [102, 103, 104].  Nondestructive (i.e. leaving the sample intact during the 

analysis) methods can be developed on the basis of vibrational spectroscopies 

(infrared and Raman spectroscopies).  Of these techniques, Fourier transform infrared 

(FT-IR) spectroscopy is starting to become an accepted technique in microbiology. For 

its vibrational spectroscopic counterpart, Raman spectroscopy, the potential in medical 

microbiology seems equally great. Here we will provide an overview of the 

applications of vibrational spectroscopic methods in medical microbiology. 

 The use of infrared (IR) spectroscopy as a means of differentiating and 

identifying bacteria was extensively reported as early as in the 1950s and 1960s [10]. 

A critical review on this subject published in 1959 summarized that, although bacteria 

definitely exhibit IRspectra that are unique for individual strains, the identification of 

bacteria via IR-techniques cannot be regarded as a useful scheme as it is an impractical 

procedure [116].  The revival of IR-spectroscopy as a means for characterizing 

microbial samples was initiated after the development of modern interferometric IR-

spectroscopy, the availability of low-cost mini-computers and powerful new 

algorithms for multivariate statistical analysis and pattern recognition methodologies.  

Compared to infrared spectroscopy, Raman spectroscopy was neglected in the field of 

biological sciences. This has grown historically, ever since the infrared techniques 
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were improved. In the 1950s and early 1960s, Raman spectroscopy gave similar 

information as infrared spectroscopy but at higher cost, lower speed, much lower 

sensitivity, and demanding relatively complicated instrumentation [117].  Coinciding 

with laser developments in the late 1960s and early 1970s, Raman spectroscopy was 

increasingly being applied in biological studies. It was not until the late 1980s, 

however, that publications appeared in the literature reporting on the possibilities of 

Raman spectroscopy for identification purposes in microbiology [118, 119]. Infrared- 

and Raman spectroscopy are complementary techniques; different selection rules 

apply for IR absorption and Raman scattering by a molecule.  Together, the two 

techniques provide a complete and highly specific vibrational spectroscopic 

fingerprint of cells [10,107]. In the last decade, these techniques have reached a level 

of sensitivity that enables spectra to be obtained of even one single living cell 

[107,108,109]. Therefore, only a small number of microorganisms will suffice to 

obtain reliable spectroscopic data, implying that culturing times could be reduced by a 

significant number of cell cycle periods, which will greatly speed up the 

microbiological analysis of patient material. 

Haag et al, 1996 [18] studied the influence of inoculation time, inoculation 

temperature and composition of the liquid medium on the IR-spectra of Streptomyces 

coelicolor strain ISP 5233 was analyzed estimating the relative spectral distances in 

relation to a reference spectrum of the same strain grown under standardized 

conditions. Spectra with minimum spectral distances to a reference spectrum were 

recorded from samples grown in the same batch of medium. The variation of medium 

composition resulted in significant spectral distances indicating that the composition 

of the medium is the most important factor in terms of reproducibility, whereas the 

variation in incubation time and temperature influenced the IR-spectra only slightly. 

In most publications, researchers used plain media, which could be produced 

consistency such as CASO agar (Casein peptone/soy meal peptone agar).  The use of 

MacConkey and SS agar had never been reported.  Van de Mai et al. [121] studied 

using FT-IR on grouping of Streptococcus mitis strains grown on Blood agar and 

Tryptone soya agar with 0.5% yeast extract media (TY agar) those are not selective or 

differential media.  There is no publication identification of Enterobacteriaceae on 
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different growth media besides CASO agar [8].  There is no publication identification 

of Shigella by FT-IR. 

It is widely believed that C. neoformans strains exhibit considerable genetic 

heterogeneity and that recurrent infections are due to the persistence of the original 

infecting strain [122,123,124]. Genetic studies require the ability to initially 

differentiate colony morphologies. In general, colonies of different strains are difficult 

to distinguish on Sabouraud dextrose agar (SDA), which is a primary plating medium 

of most mycological laboratories. During previous reports [125], it was observed that 

C. neoformans isolated from the nasopharynx of AIDS patients exhibited differences 

in colony morphology when grown on Niger seed agar (NSA) [126]. The presence of 

Guizotia abyssinica in this medium induces the production of melanin by C. 

neoformans, resulting in distinctive brown colonies. NSA has therefore been used 

extensively for isolating C. neoformans from environments where many fungal 

contaminants are present but is not widely used in clinical laboratories. 

Samaniya et al [114] studied among these slightly different strains on the 

phenotypic switching.  They used molecular techniques such as PCR fingerprinting 

with two primer, RAPD, Electrophoretic karyotyping (EK).  They reported that PCR 

fingerprinting with two primers [(GACA)4 and M13 1 1)] was unable to differentiate 

between either intraindividual or interindividual isolates and control isolates.  This 

method has proven to be sensitive, but its lack of discriminative powers at the 

subspecies level.   Electrophoretic karyotyping (EK) was shown to be a sensitive tool 

for distinguishing among C. neoformans isolates. 
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Bound Carbonyls in PMMA Adsorbed on Silica  
 

The primary structure of many biological macromolecules is simply that of a 

linear chain of monomers.  In this respect, they do not differ from most synthetic 

polymers.  Behind the chemical simplicity, however rather complex and specific 

behavior may be hidden.  For example, the secondary and tertiary structures of protein 

often play an essential role in their specific biological function.  For such molecules it 

may seem impossible to develop a universal description as is now well established for 

synthetic polymer [27]. 

Around the bonds that connect the atoms in the main chain of a linear polymer, 

some rotation is usually possible.  This gives the polymer a certain degree of 

flexibility, which is usually enough to allow the molecule to assume a large number of 

shapes or conformations.   

As is well known, protein molecules are rather compact.  This compact 

structure is stabilized by hydrophobic attractions between lipophilic amino acids 

which tend to accumulate inside the globular structure of the molecule because water 

is a poor solvent for them.  In this sense, there is a clear parallel with simple 

homopolymers in a poor solvent.  The important between proteins and simple 

polymers in a poor solvent is that the former are copolymer.  They have sufficient 

hydrophilic monomers on their external surface to suppress the accumulation of 

molecules into a macroscopic phase [36]. 

Fontana and Thomas [37] first reported an estimation of the bound fraction (P) 

of carbonyl groups from infrared spectra of poly(lauryl methacrylate) on silica in the 

presence of solvent. They found that the carbonyl-stretching resonance of bound 

carbonyls had shifted from the bulk value to lower wave numbers (lower energies), 

due to interaction with surface silanols. The adsorption intensities provided a basis for 

estimating the bound fraction of carbonyls. The use of infrared spectroscopy in this 

way provides information that can be useful in estimating the number of carbonyls 

which are directly bound. In addition to FTIR,[85, 26] bound fractions have also been 

estimated using other techniques, including nuclear magnetic resonance,[27, 29] and 

electron spin resonance.[85] With these latter techniques, larger bound fractions have 
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been found because of the sensitivity of these techniques to polymer segments which 

are affected by the surface, but are not "directly" bound. 

The versatility of FTIR has allowed several different techniques to be used in 

determining bound fractions in adsorbed polymers. Attenuated total-reflection Fourier-

transform infrared (ATR-FTIR) spectroscopy, [38,28,89] external reflection [26], 

Fourier-transform infrared photoacoustic spectroscopy (FTIR-PAS) [73] and 

transmission FTIR [37] have all been used for this purpose. Of these, transmission 

FTIR is the simplest technique and does not require special accessories. However, 

since the technique is not particularly surface specific, larger amounts of a sample are 

required to achieve reasonable signal-to-noise ratios. Additionally, the sample's optical 

properties should be in the range where the Beer-Lambert law is obeyed and there is 

not excessive scattering. These criteria are difficult to meet for most samples of 

polymers adsorbed on powdered solid surfaces. 

Adsorbed polymers in carbon tetrachloride suspensions have been studied with 

transmission FTIR because carbon tetrachloride does not have an interfering IR 

absorption in the hydrocarbon region [85]. This technique works well for CCl4 

systems, but obviously, it is inappropriate for studying the characteristics of the 

adsorbed polymers in a dry state. For composite materials, for example, it is important 

to study samples in their native state. The FTIR-PAS and reflection FTIR techniques 

have been used for solid samples, but both techniques require specialized accessories 

and accurate quantification of to those results may be difficult. Transmission IR, in the 

hydroxyl region, has been shown to work well in the quantification of the 

derivatization of fumed silica [67].  In principle, transmission techniques can be more 

accurate, providing scattering problems can be overcome. 
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CHAPTER IV 

MATERIALS AND METHODS 
 

 

Identification of Enterobacteriaceae Grown on Different Growth 

Media by FT-IR. 
 

1. Isolates and growth conditions. 

         The isolates used in this study as shown in Table 2 were strain collections 

(ATCC), Clinical collection and clinical specimens from Department of Microbiology 

and Immunology, Faculty of Tropical Medicine, Mahidol University and Robert Koch 

Institute (RKI), Berlin.  All isolates were identified by classical method to confirm the 

isolates. 

 The isolates were stored in cryovials containing 10% glycerol at -40 oC until 

use.  Isolates were subcultured on each agar plates for 24 h.  The growth temperature 

was 37 +/- 2 oC. 

 Salmonella and Shigella were cultured on CASO (Casein peptone/soy meal 

peptone) agar (Merck), Columbia blood agar (Oxoid), MacConkey agar No.3 (Oxoid) 

and SS (Salmonella - Shigella) agar (Oxoid) instant plate to avoid variation of 

chemical composition of media.  Other isolates were cultured on media as shown in 

Table 2.  All isolates were streaked onto agar plates using four-quadrant streak pattern 

[6]. All isolates were grown for 18 hours at 37 ± 2 oC [8]. 

 Thirty different cultures at different time of each strain were analyzed.  Two 

samples of each culture were prepared for FT-IR analysis.  The repeat measurements 

of independent preparations of a colony are collected and checked with spectral 

quality test. 
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Table 2. The bacterial isolates used in this study. 

 
No. Strain * CASO 

agar 

Blood agar MacConkey 

agar 

SS agar 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Salmonella choleraesuis a

Salmonella typhi a

Salmonella paratyphi A a

Salmonella paratyphi B a

Salmonella typhimurium a

Salmonella group C a

Salmonella group E a

Shigella sonnei a

Shigella group B a

Shigella group C a

Shigella group DI a

Shigella group DII a

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Citrobacter freundii 3616186 a

Citrobacter freundii 3752 a

Enterobacter cloacae a

Escherichia coli ATCC 25922 a

Escherichia coli ATCC 35218 a

Escherichia coli O157:H7 a

Klebsiella pneumoniae ATCC 27736 a

Klebsiella oxytoca a

Proteus mirabilis a

Proteus rettgeri a

/ 

/ 

/ 

- 

- 

/ 

/ 

- 

/ 

- 

/ 

- 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

- 

/ 

/ 

- 

- 

/ 

- 

/ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23 

24 

25 

26 

27 

Staphllococcus aureus ATCC 25923 a

Staphllococcus aureus DSM 20231 a

Staphllococcus aureus RKI/WG PS96 b

Streptococcus pyogenes DSM 20565 b

Bacillus subtilis ATCC 6633 a

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

*Strain collections (ATCC), Clinical collection and clinical specimens from Department of 

Microbiology and Immunology, Faculty of Tropical Medicine, Mahidol University a and Robert Koch 

Institute (RKI), Berlin b. 
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2. Spectral data acquisition. 

 A small amount of bacterial cells (approx. 10-60 μg dry weight) was carefully 

removed with a platinum vibrational loop (Rowenta) from confluent colonies in the 

third quadrant of the agar surface and was suspended with 80 μl distilled water in 1.5 

ml Eppendorf [6].  An aliquot (35 μl) of the suspension was transferred to a ZnSe 

(Zinc-selenite) optical plate as sample holder and dried under moderate vacuum 

between 2.5 and 7.5 kPa to a transparent film suitable for absorbance/transmission FT-

IR measurements.  KBr (potassium bromide) cover plate was placed onto ZnSe (Zinc-

selenite) optical plate before measuring. 

 After measuring, the ZnSe optical sample holder plate were cleaned with 

distilled water and 70%  Isopropanol using delicate task wiper (LintGuard) (Kimwipes 

EX-L, Kimberly-Clark) for 3 times. 

 All spectra were recorded between 4000 cm-1 and 500 cm-1 (wavenumbers) on 

an IFS-28/B FT-IR spectrometer (Bruker) equipped with mid-IR globar source, KBr 

beamsplitter, and DTGS (Deuterated triglycine sulphate) detector by co-addition and 

averaging 256 scans.  Spectrum resolution is 8 cm-1.  Fourier transformation was done 

using a Blackmann-Harris 3-term apodization function and a zerofilling factor of 4.  

The spectrometer is continuously purged by dry air using FT-IR purge gas generator 

(Whatman) to reduce contributions from water vapor and CO2.  Each result spectrum 

is ratioed to an appropriate background spectrum measured immediately prior to the 

measurement of the sample spectrum using an empty sample position on ZeSe sample 

holder. 

 The digitized spectra were stored and analyzed using the OPUS/IDENT 

software version 3.0.2 (Bruker) running on a computer PC equipped with an Intel 

Pentium MMX processor and an operating system OS/2 Warp version 4.0  (IBM). 

 Evaluation of IR spectral data which was calculation of derivatives, 

normalization, quality test, identity test, reproducibility test, and cluster analysis etc. 

was performed. 
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3. Spectrum quality test [19] 

 After collecting the spectra, all spectra were tested spectrum quality test using 

OPUS software version 3.0.2. (Bruker).  The criteria of spectrum quality test were 

shown in Table 3.  From Table 3, in the 2100-1600 cm-1 region of the original 

spectrum, the maximum and minimum absorbance values were calculated.  The 

difference between these two values was Δy (Delta y).  This value should be in the 

range 0.345 to 1.245 absorbance units in order to be certain that it lies in the linear 

region of the Beer – Lambert law. 

 Since the intensity of all absorbance bands is bacteria specific, it is not possible 

to determine an absolute signal for the FTIR spectra of microorganisms.  For this 

reason two signals must be delivered in parallel.  These are 1700-1600 region and 960-

1260 region of the first derivative data.    

 In the 1700-1600 cm-1 region of the first derivative data, the maximum and 

minimum absorbance values were determined.  The difference between two yields 

corresponds approximately to the intensity of the amide I band. 

 In the 960-1260 cm-1 region of the first derivative data, the maximum and 

minimum absorbance values were determined.  The difference between the two value 

yields (S1) corresponds approximately to the intensity of the polysaccharide ring 

vibration band. 

 The Noise was calculated in a wavenumber region where there is no 

microorganism absorption band. 

 In the 2100-2000 cm-1 region of the first derivative data, the maximum and 

minimum values were calculated.  The difference between the two values (S2) is 

termed the noise and it should not exceed a maximum of 0.00015 units. (1.5x10-4) 

 The noise was compared in size to the two signals S1 and S2.  The signal-to-noise 

ratios must exceed 400:1 and 80:1, respectively. 

 The water vapor parameters were calculated in 1847-1837 cm-1 region where 

there was no microorganism absorption line, but very strong water vapor absorption.  

In this region of the first derivative spectrum, the maximum and minimum values were 

calculated.  The difference between two yields is the magnitude of water absorption.  

This value must not exceed 0.00030 units. (3x10-4) 
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 The water absorbance line was compared in relation to the two signals S1 and 

S2.  The ratio of the two values must exceed 100:1 and 20:1, respectively. 

 After the test, the spectra that passed all criteria of quality test were shown as 

value 1.  The spectra that failed by quality test were shown as value 0.  Only the 

quality test passed spectra were analyzed by further types of analysis. 

 

Table 3.  Criteria of spectrum quality test 

 

x 

(wavenumber; cm-1) 

2100-

1600 

1700-

1600 

1260-

960 

2100-

2000 

1847-

1837 

Delta y min: 0.34500     

Delta y max 1.24500     

Noise max        0.00015  

Signal/Noise  400.00 80.00   

Water max     0.00030 

Signal/Water     200.00  40.00   

 

4. Data Preprocessing 

Data preprocessing is an important stage in performing a calibration. Multiple 

spectra are typically acquired to determine reproducibility, for each calibration sample. 

If the spectra of the same sample are not identical, a data preprocessing procedure 

must be chosen which makes them more similar. Variations in offset or different linear 

baselines can be eliminated.  

In quantitative analysis, the assumption is made that the layer thickness (i.e. 

the effective path length of the infrared light in the sample) is the same in all 

measurements. A lack of reproducibility in sample preparation can easily cause 

variations in sample thickness. If the thicknesses are different and unknown, this effect 

can be eliminated by a normalization of the spectra. By preprocessing the data you 

want to ensure a good correlation between the spectral data and the concentration 

values.  

 To minimize problems arising from unavoidable base-line shifts and to enhance 

the resolution of superimposed bands, the smoothed first and second derivatives of the 
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original spectra were calculated using Savitzky-Golay 9 point algorithm [12].  

Evaluation of IR spectral data (calculation of derivatives, normalization, quality test, 

identity test, etc.) was performed using the OPUS software version 3.0.2 (Bruker) 

running on a PC equipped with an Intel Pentium MMX processor and an operating 

system OS/2 Warp version 4.0  (IBM). 

The following methods can be applied: 

4.1.  Vector normalization: normalizes a spectrum by first calculating the 

average intensity value and subsequent subtraction of this value from the spectrum. 

Then the sum of the squared intensities is calculated and the spectrum is divided by 

the square root of this sum. This method is used to for example account for different 

samples thickness.  . 

4.2.  First Derivative: calculates the first derivative of the spectrum. This 

emphasizes steep edges of a peak. This method is used to emphasize pronounced, but 

small features over a broad background. Spectral noise is also enhanced.   

4.3.  Second Derivative: similar to the first derivative, but with a more drastic 

result. 

 

5. Spectral Reproducibility test [19] 

Reproducibility testing for microorganism grown on different lots of culture 

media in each spectrum window is done by repeating measurements of the same strain 

grown on different lots of culture media and then validates the quality of the spectra, 

by running identity testing and do cluster analysis.   

The spectra of 7 strains of Salmonella and 5 strains of Shigella were recorded 

from thirty independent grown bacterial cultures within a time range of months. The 

reproducibility test was quantified as described by Helm et al 1991 [23]. 

 

6.  Generation of Average Spectra 

To include a reference spectrum in an Ident library, several spectra per 

substance must be measured. The original spectra are either repeated measurements of 

the same sample, or measurements of several samples from different batches of the 

same substance. In the first case, the variations observed in the spectra are indicative 
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for the reproducibility of the measurement. In the second case, the fluctuations reflect 

the differences between the samples from various batches. 

 

7. Creating Library [19] 

Thirty independent measurements or more must be carried out for every 

organism to be included in the library.  The good spectra of the same strain were used 

to average the spectra for that strain. 

 

8. Hierarchical Cluster Analysis 

8.1. Theory of Hierarchical Cluster Analysis.  Hierarchical cluster 

analysis is an agglomerative methodology that finds clusters of observations within a 

data set. Three of the better known algorithms for clustering are average linkage 

(UPGMA), complete linkage and single linkage.  

Generally, each observation begins in a cluster by itself. The two closest 

clusters are merged to form a new cluster replacing the two old clusters. Merging of 

the two closest clusters is repeated until only one cluster remains. The different 

algorithms differ in how the distance between two clusters is computed.  

The heterogeneity or spectral distance indicates the degree of similarity of the 

spectra. Two spectra with a spectral distance 0 are identical (in the examined 

frequency ranges). The value of spectral distance grows as the difference between two 

spectra increases. 

The hierarchical cluster algorithms perform the following tasks: 

·   First, the spectral distances between all spectra are calculated. 

·  The two spectra showing the greatest similarity (the spectra with the smallest 

distance) are merged into a cluster. 

·  The distances between this cluster and all other spectra are calculated. Several 

methods (Single Linkage, Complete Linkage...) are available to calculate the distances. 

·  The two objects (spectrum/spectrum or spectrum/cluster) with the smallest 

distance again are merged into a new cluster. 

·  The distances between this new cluster and all other objects (spectra cluster) 

are calculated. 
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·  The two objects (spectrum/spectrum or spectrum/cluster or cluster/cluster) are 

merged into a new cluster. 

 

Table 4.  Clustering process 

 

Number of Clusters Clusters 

5 A - B - C- D - E

4 AB - C - D - E 

3 ABC- D - E 

2 ABC- DE 

1 ABCDE 

 

8.2. Cluster analysis Algorithms.  Average linkage clustering uses the 

average similarity of observations between two groups as the measure between the two 

groups.  Complete linkage clustering uses the farthest pair of observations between 

two groups to determine the similarity of the two groups.  Single linkage clustering, on 

the other hand, computes the similarity between two groups as the similarity of the 

closest pair of observations between the two groups.  

The algorithm most frequently used is the “Ward's Technique” algorithms. 

Ward's Technique is distinct from all the other methods because it uses an 

analysis of variance approach to evaluate the distances between clusters. In short, this 

method attempts to minimize the Sum of Squares (SS) of any two (hypothetical) 

clusters that can be formed at each step. In general, this method is regarded as very 

efficient [50]. 

In the algorithms mentioned so far, the two most similar groups are merged. 

Ward’s Technique on the other hand attempts to find the most homogeneous groups. 

Those two groups are merged where the result will lead to the smallest growth in 

heterogeneity factor H. Thus, instead of the spectral distance the growth in 
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heterogeneity H is monitored. This method is especially well suited in the cluster 

analysis of bacteria spectra, i.e. in forming clusters that strongly correlate with 

microbiological affinity. n(i) is the number of spectra merged in the object i. H(r,i) is 

calculated according to the following formula (1): 

 

H(r,i) = D(r,i) = [n(p) + n(i)] ⋅ D(p,i) + [n(i)+q(i)] ⋅ D(q,i) – n(i) ⋅ D(q,i)  …...……(1) 
                                                                   n+ n(i) 

 

8.3. Hierarchical Cluster Analysis for this experiment.  Cluster analysis 

using the first derivatives of the original spectra as input is carried out for different 

wave number regions.  A preselection of five spectral windows was done considering 

their specific information content and their discrimination power.  The Ward's 

Technique algorithm and scaling to first range was used in this experiment.  

Depending on the organisms and the desired classification, the wavenumber ranges are 

determined along with the appropriate weighting factors and reproducibility levels. 

 

Table 5.  A preselection of five spectral windows used to be analyzed. 

 

Label Wave number range (cm-1) Region 

W1 

W2 

W3 

W4 

W5 

3000 – 2800 

1800 -1500 

1500 – 1200 

1200 – 900 

900 - 700 

Fatty acid region I 

Amide region 

Mixed region 

Polysaccharide region 

True fingerprint region 
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Figure 1. Typical FT–IR spectrum of bacteria and wavelength that can be used for 

identification. 

 

In microbiological diagnostic, five wave number lengths have proven to be 

extremely valuable are the followings [8].   

(1) The windows between 3000 and 2800 cm-1 (W1 : fatty acid region I), 

dominated by the –CH3, >CH2 and  ≡CH stretching vibrations of the 

functional groups usually present in fatty acid components of the various 

membrane amphiphiles. 

(2) The windows between 1800 and 1500 cm-1 (W2 : the amide region), 

dominated by the amide I and amide II bands of proteins and peptides. 

(3) The windows between 1500 and 1200 cm-1 (W3 : the mixed region), a 

spectral region containing information from proteins, fatty acids and 

phosphate-carrying compounds. 

(4) The windows between 1200 and 900 cm-1 (W4 : the polysaccharide region), 

dominated by the fingerprint-like absorption bands of the carbohydrates 

present within the cell wall. 
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(5) The windows between 900 and 700 cm-1 (W5 : the true fingerprint), showing 

some remarkably specific spectral patterns, which are as yet unassigned to 

cellular components or to functional groups. 

 
Table 6.   Assignment of some bands frequently found in FT-IR spectra respective of 
biological specimens. 
 

 
a  str=stretching; def=deformation; sym=symmetric; asym=antisymmetric. 

 

8.4. Interpreting a Dendogram [127].  

 A dendogram that clearly differentiates groups of objects have small distances 

in the far branches of the tree and large differences in the near branches. An example 

dendogram ideally illustrates two clear groups is shown in fig. 2.  The dendogram 

ideally illustrates a clear grouping of three groups is shown in fig. 3.  When the 

distances on the far branches are large relative to the near branches, then the grouping 

is not very effective.  Fig. 4 illustrates a dendogram that would be interpreted with 

great caution. 
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Figure 2.  An example dendogram ideally illustrates two clear groups. 

 

Figure 3.  A dendogram ideally illustrates a clear grouping of three groups. 

 

Figure 4.  A dendogram that would be interpreted with great caution. 

 

9. Statistical analysis. 

 The statistical analysis was performed by using OPUS/Ident (Bruker) program.  

Each original known spectra were tested by identity test compared with each library of 

reference organisms and setup the parameter as in cluster analysis.   

OPUS/Ident (in the following referred to as Ident) is a software package 

designed for the identification of substances by their IR spectra. This is done by 
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comparing the “unknown” spectrum (which we will call the test spectrum in the 

following) to a library of reference spectra. Ident identifies those spectra of the 

reference set that closely match the test spectrum. In addition, Ident determines the 

deviations between these spectra and the test spectrum. This allows to use Ident for 

both, the identification of unknown substances, e.g. polymer identification, and to 

evaluate to which degree a substance is identical with a reference standard. The latter 

application is a typical task found in quality control.  In order to perform an Identity 

Test you first must have a reference library to compare the test spectrum to. If no 

suitable library exists you have to acquire a set of reference spectra. At least one 

spectrum per substance should be acquired; however, measuring several spectra of the 

same substance and calculating the average spectrum to be used as reference spectrum 

is preferable. 
 

Performing an Identity Test comprises the following steps: 

• Measuring at least one reference spectrum per substance. 

• Including the reference spectra (usually average spectra) in a library. 

• Selecting a suitable spectral range for identification. 

• Data preprocessing. 

• Setting up an Ident method. 

• Measuring the test spectra. 

• Analysis of the test spectra. 

 

 In this experiment, the first derivative of more than 30 known spectra of each 

strain was tested by identity test using the parameters if reference library of each strain 

that gave the best results from cluster analysis.  The percent correct was reported. 



Suntree  Kulkeratiyut  Materials and Methods/ 30 

Finding the Optimum Incubation Time for Identification of 

Cryptococcus neoformans Isolates. 
 

 The isolations of Cryptococcus neoformans were from cerebrospinal fluid 

(CSF) in the clinical research trial with untreated primary cryptococcosis in AIDS 

patients at Bamrasnaradura Hospital, Nonthaburi, Thailand, between January and July 

1998. 

 Cryptococcus neoformans 3 isolates (A, B, C) from 3 patients were grown on 

Sabouraud Dextrose agar (SDA) and incubate at 37 oC.   The cells were harvested at 1, 

2, 3, 4, 5, 6, 7, 8 days for FT-IR analysis.    A small amount of yeast cells (5 full loops) 

was carefully removed with a 1-mm-diameter-platinum loop from confluent colonies 

in the third quadrant of the agar surface and is suspended in 80 μl distilled water. [6]  

An aliquot (35 μl) was transferred to a ZnSe (Zinc-selenite) optical plate and dried 

under moderate vacuum between 2.5 and 7.5 kPa to a transparent film suitable for 

absorbance/transmission FT-IR measurements.   

  All spectra were recorded as in Identification of Enterobactericeae but the 

cluster analysis was different. 

  Hierarchical cluster analysis using the second derivatives (W1 –W5) in table 4 

of the original spectra as input was carried out for different wave number regions.  A 

preselection of five spectral windows was done considering their specific information 

content and their discrimination power.  The weighted average linkage algorithm was 

performed. 

Weighted Average Linkage (UPGMA) [19] is a cluster analysis algorithm.  

The equation is shown in equation (2).  In the equation, n(p) is the number of spectra 

which are merged in cluster p and n(q) is the number of spectra which are merged in 

cluster q. The distance of the new cluster r to object i is then calculated according to: 

 

                           D(r,i) = n(p)  D(p,i) + n(q)  D(q,i)         ......................................(2) 
                                                    n(p) + n(q) 
 

 The statistical analysis was performed by using OPUS/Ident (Bruker) program.  

Each original known spectra were tested by identity test compared with each library of 
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reference organisms and setup the parameter as same as in cluster analysis.  The 

percent correct was reported. 
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Bound Carbonyls in PMMA Adsorbed on Silica Using Transmission 

FTIR 

Low, medium, and high molecular weight PMMA samples (Aldrich Chemical 

Co., Milwaukee, WI) were used as received. Characterization data for the PMMA 

samples used is shown in Table 7. The polydispersities were determined using gel 

permeation chromatography with a Dawn EOS light scattering (LLALS) (Wyatt 

Technology, Santa Barbara, CA) detector and an Optilab (Wyatt) refractive-index 

detector. The tacticity of the polymers was determined using 1H-NMR (Varian, Unity 

400). The assignments of the triads were made based on the values reported in the 

literature [31]. 

 
Figure 5. Chemical structure of poly (methyl) methacrylate (PMMA) 

 

Table 7.  Characterization of the PMMA Samples.  

Tacticity (%, triads)bPolymer Molecular 
mass 
(Mw)a

Polydispersitya

mm rm rr 

L-PMMA 32000 1.5 13.1 36.4 50.5 

M-PMMA 85000 1.6 27.7 37.6 34.7 

H-PMMA 450000 2.6 10.0 35.5 54.5 
a from LLALS.    b from 1H-NMR. 
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PMMA was deposited from solutions prepared using either toluene (HPLC 

grade, Fisher Scientific) or benzene/acetonitrile (B/An, 5/1 by weight, Aldrich) 

mixtures of concentrations 5, 10, 40, and in one case 80 mg/ml. The solutions (10 ml) 

were mixed in capped test tubes containing 300 mg of fumed silica (Cab-O-Sil M5, 

Cabot Corp., Tuscola, IL) that had previously been heat-treated at 400 °C for 24 h. 

The manufacturer specified that the specific surface area of the M5 silica was 200 

m2/g, which we had previously verified with nitrogen adsorption. The dispersions 

were shaken in a mechanical shaker for at least 24 h at 23 °C. The polymer-silica 

mixtures were then centrifuged at 3000 rpm for 1 h and then rinsed three times with 

the appropriate solvent system. The supernatant solutions were decanted and 

discarded. The samples were dried under ambient conditions for 3 days and then dried 

under vacuum at 70 °C for 24 h. Thermogravimetric analysis with a TGA 2950 (TA 

Instruments, New Castle, DE) was used to estimate the adsorbed amounts of polymer 

from the mass of the sample before and after heating to 600 °C.  

For FTIR analysis, 10 mg of the dried adsorbed PMMA/silica sample were 

ground and suspended with 2 ml of the solvent system used in the adsorption process. 

The solutions were cast on a KBr crystal and dried at room temperature. The dried 

films on KBr plates were placed in a vacuum oven at 70 °C for at least 6 h to ensure 

that no solvent or moisture remained in the sample. The transmission-mode spectra 

were recorded using a Nicolet Magna-IRTM Spectrometer 750 (Thermo Nicolet, 

Madison, WI), equipped with a DTGS detector at a resolution of 4 cm-1. For each 

surface sample, 1024 scans were acquired.  

Curve fitting was performed with Grams/32 AI software (Thermogalactic, 

Salem, NH). For the best fits, one Gaussian for the free-carbonyl fraction and a 
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Gaussian-Lorentzian mixture for the H-bonded carbonyl fraction were used. Multiple 

runs allowed error estimates to be made. Generally, the data reported had a precision 

on the order of +/- 5%, or less, of the estimated bound fractions. 
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	*Strain collections (ATCC), Clinical collection and clinical specimens from Department of Microbiology and Immunology, Faculty of Tropical Medicine, Mahidol University a and Robert Koch Institute (RKI), Berlin b. 




