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Abstract
The goal of this LDRD Research project was to provide a preliminary

examination of the use of infrared spectroscopy as a tool to detect the changes in cell
cultures upon activation by”an infectious agent. Due to a late arrival of funding, only 5
months were available to transfer and setup equipment at UTTM,develop cell culture
lines, test methods of in-situ activation and collect kinetic data from activated cells.
Using attenuated total reflectance (ATR) as a sampling method, live cell cultures were
examined prior to and after activation. Spectroscopic data were collected from cells
immediately after activation in situ and, in many cases for five successive hours.
Additional data were collected horn cells activated within a test tube (pre-activated), in
both transmission mode as well as in ATR mode. Changes in the infbred data were
apparent in the transmission data collected fi-omthe pre-activated cells as well in some
of the pre-activated ATR data. Changes in the in-situ activated spectral data were only
occasionally present due to 1) the limited time cells were studied and 2) incomplete
activation. Comparison of preliminary data to infhred bands reported in the literature
suggests the primary changes seen are due an increase in ribonucleic acid (RNA)
production. This work will be continued as part of a 3 year DARPA grant.
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Spectroscopic Detection of Pathogens ,.

Introduction

Elevated concern regarding the threat of bioterrorism largely springs from
revelations that Iraqi oillcials had biowarfare capabilities during the Gulf war. Since that
time, technologies to detect the release of bioweapons has rapidly progressed. (1,2) Yet
our ability to detect the effect of released agents within the population relies primarily on
the appearance of symptoms. Given the limited medical care persomel, facilities and
vaccines, triage must be performed rapidly and accurately to ensure that those who need
to be treated, will be treated. Unfortunately, current methods of disease detection involve
pathogen replication or host antibody production, each requiring days, if not weeks,
before a diagnosis can be made. In some scenarios, the released agent could be so toxic
that many would not survive the wait. Perhaps more frightening to emergency personnel,
is the potential for an infected patient to spread the disease to others.

Quickly identifying those who are infected can improve the survival rate and stop
the spread of the disease. The successful triage of patients not only provides medical
help to those who need i~ but can stop the panic in the “worried well” of patients who
believe they have been exposed but have not. A promising new method for disease
detection involves infhred spectroscopy to identifj changes in cells that occur upon
infection. It has been shown that the large-scale secondary responses that occur at the
cellulti level can be detected by monitoring the molecular changes that occur after
inf&tion.(3) However, the method reported recently in the literature requires a 12-14
hour preparation time for each sample. The results of the Laboratory Directed Research
and Development (LDRD) project presented here sought to examine the use of mid
infrared spectroscopy combined with attenuated total reflectance sampling to provide a
more sensitive, faster method for disease detection using live cellular material. This
report presents the preliminary results from the 5 month Dm project that examined cell
cultures that have been activated with agents that cause responses similar to those
produced by cells activated with infectious agents. The experimental procedure is
outlined, and preliminary spectral data are presented showing that distinct changes can be
seen in the infrared spectra collected from non-activated cells compared to those
stimulated with an activating agent.

Background

The myriad of responses that occur upon infection are expected to have large
molecular signals in the infhred spectral region. The events which occur within seconds
or minutes, include changes in lipid structures of cell membranes, intracellular protein
phosphorylation and dephosphorylation events, rapid translocation of proteins between
the cytoplasmic and nuclear compartments, and rapid release-of stored proteins into the
surrounding environment resulting in loss of intracellular vesicles and potential autocrine
feedback loops that ampl@ the response. During the time period following infection, up
to approximately 6 hours, there is a rapid escalation in transcription of DNA with
production of RNA and subsequent generation of new proteins. As a result of the
interaction with these substances, innate immunity produces several protein components
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important for host defenses including chemokines that attract more cells, cytokines that
set up the milieu for the generation of an affective acquired host response and effecter
molecules like defensins, lactoferrin, and nitric oxide that can directly affect the invading
pathogen. These early signaling events should result in reproducible cellular response
patterns that can be detected by molecular spectroscopy.

DNA, RNA, proteins, lipids and other biomolecules have lmown infrared
signatures. Indeed, in the study by Wood et al., characteristic changes were identified
that were associated with activation after the cells had been dried.(3) Wood et al.
reported the ability to detect the response of lymphocytes to an activating agent using
mid-infrared spectroscopy (1800-800 cm-1).(3)The described experimental procedure
using dried cells required long preparation times, which prevented the use of continuous
monitoring. Once dried, the lymphocyte cells were examined using infrared microscopy
techniques in transmission mode during various stages of activation. Phosphate bands
characteristic of nucleic acids, phosphorylated proteins and other phosphate containing
compounds became more pronounced upon activation, while bands specific to DNA and
RNA ribose C-O skeletal vibrations became more intense. Since these bands change
intensity within the fust 15 minutes of activation, they can be attributed to RNA rather
than DNA since the synthesis of DNA is known to occur 18-24 hours after stimulation.
After 60 and 120 minutes, new bands appeared, attributed to RNA ribose moieties.

Wood et al. made a comparison between different activation mechanisms as
well. Activation of cells with phytohaemagglutinin (PHA ) was compared to the
activation with phytohaemagglutininhterleukin 2 (MUVIL-2). The resulting activated
cells were dried and intlared spectra collected. Principle component analysis was used to
examine the data from several sets of activated cells as well as a set of non-activated
cells. The resulting principal component analysis showed separation between all three
types of cell systems. This study indicates the possibility of distinguishing between types
and routes of infection using IR spectroscopy.

By employing attenuated total reflectance (ATR) sampling, we can monitor live
cells continuously during the activation process. Use of live cells will avoid the time-
consuming sample preparation outlined by Wood and coworkers, and is the next step
toward examination of more complex biomaterials such as tissue and whole blood.
Attenuated total reflectance (ATR) is an infhred technique that uses an internal
reflectance element (IRE) to bring infrared light into contact with the sample. At angles
less than the critical angle, the IRE will totally reflect incoming ligh~ acting as a light
guide to transport light from one end of the crystal to the other end. If the IRE is in
contact with a sample of lower index of refraction than the IRE, a small portion of the
light energy, known as the evanescent wave, will escape from IRE and make contact with
the sample. This evanescent wave penetrates a fraction to several micrometers into the
sample depending on the index of refraction of the sample and the angle of incidence of
the incoming light. The sample will absorb energy from the evanescent wave, thus
attenuating the light energy reaching the detector. It is the effective pathlength of ATR
that makes the technique ideally suited for studying water rich systems such as biological ~
materials. Transmission studies of water-containing materials requires optical cells that
have pathlengths on the order of 10-20 micrometers or less, making sample preparation
diftlcult. Furthermore, more complex biomaterials, can easily be sampled using ATR
methods.
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Experimental

Cell Biology

Initial experiments used J774 mouse microphage cells. The J774 cultures were found to
be somewhat difficult to grow and maintain. After several batches succumbed to .

contamination, the decision was made to switch to the RAW strain of cells, another type
of mouse microphage. RAW cells were successfidly cultured and concentrated, prior to
spectroscopic analysis, to populations of approximately 107 cells per ml. Cells were
grown in a phosphate buffer media (PBS) and fed using bovine serum during the growth
phase. In-situ activation (done on the ATR crystal) of the RAW cells used either
Iipopolysaccharide (J-J%)alone or lipopolysaccharide in combination with y-interferon
(M?). Pre-activation of the RAW cells was done in a test tube using a combination of
LPS withy-interferon.
Spectroscopy -

All spectral data were collected using a Bomem Series MB-155 Fourier
Transform Infrared (FI’IR) spectrometer equipped with coated KBr optics and a DTGS
detector. All data were collected over the range 4000-900 cm-l. Early experimental
spectra were collected at 2cm-1. In order to improve signal averaging, later experiments
were collected at 8 cm-l resolution. Attenuated total reflectance data were collected using
a Spectra-Tech 45° ZnSe horizontal A’Ill plate with a well configuration. Approximately
100 @s of cell solution was pipetted directly into the well, completely covering the ZnSe
crystal. A glass coverslip was placed on top of the well to prevent evaporation. A purge
tent surrounding the ATR plate allowed the IR beam path to be purged, while allowing
ready access to the cells on top of the crystal. Boil-off from a liquid Nz tank provided
purge for both the internal and external optics. h situ activation of the cells was done by
pipetting the activation agent(s), approximately 50 @s, directly into the cell mixture on
the ATR crystal. Transmission spectra were collected separately from non-activated and
activated cells dried onto a AgCl Ill transmitting windows.

Early work examined the use of a polylysine coating to increase adhesion of cells
to the ATR crystal. It was determined the coating itself was thick enough to cause a
decrease in the total signal. Increasing the total number of cells in the final cell solution
was found to be a better method of increasing the overall signal size. Table 1 lists the
experiments performed.

Experiments Performed
Date %rnpling Method Resolution Cell Line State of Cells

6/29/00 ATR 2cm-1 J774 Healthy, monitored -1 hour “
7/06/00 ATR w/ polylysine 2 cm-l J774 Healthy, monitored -1 hour

coating
7/14/00 ATR 2 cm-l J774 Healthy, monitored -1 hour “
7/19/00 ATR 2 cm-l J774 Healthy, monitored -1 hour
7/28/00 ATR 2 cm-l J774 Healthy, monitored -1 hour

ATR 2 cm-l J774 Activated with LPS on A=
monitored -1 hour
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8/3/00

8/10/00

8/17/00

8/21/00

8/24/00

8/28/00

9/07/00

9/11/00

9/13/00

ATR

Transmission
Transmission

Transmission
‘Transmission

ATR
ATR

ATR
ATR

ATR
ATR

ATR

Transmission

Transmission

ATR
ATR

ATR -
ATR

ATR
ATR

ATR
ATR

ATR
ATR

ATR
ATR

Transmission

2 cm-l J774 Activated with LPS on Am
monitored -1 hour

2 cm-l J774 Healthy, dried on AgCl plate
2 cm-l J774 Activated with LPS on AgCl

date. dried#

2 cm-l RAw H&l&y, monitored -1 hour
2 cm-l Mw Activated with LPS on AgCl

plate, dried
2 cm-l IL4w Healthy, monitored -1 hour
2 cm-l IL4w Activated with IRS on ATR,

monitored -1 hour
2 cm-l J774 Healthy, monitored -1 hour
2 cm-l J774 Activated with IJ?S on Am

monitored -1 hour
8 cm-l RAw Healthy, monitored -1 hour
8 cm-l IL4w Activated with LPS on ATR,

monitored -1 hour
8 cm-l RAw Cells Preactivated with LPS +

INF -3 hours prior, monitored
-1 hour

8 cm-l RAw Healthy cells dried on AgCl
date

8 cm-l IU4w Cells preactivated -3 hours
prior with H%+ INF, dried on
AgCl plate

8 cm-l IVlw Healthy, monitored -1 hour .
8 cm-l RAw Cells preactivated -3 hours

prior with IFS + INF,
monitored -1 hour

8 cm-l R4w Healthy, monitored -1 hour
8 cm-l RAw Activated with IJ?S on ATR,

monitored -1 hour
8 cm-l IU4w Healthy, monitored -1 hour
8 cm-l RAw Activated with IJ?S on ATR,

monitored -2 hours
8 cm-l IU4w Healthy, monitored -1 hour
8 cm-l RAw Activated with U?%on ATR,

monitored -2 hours
8 cm-l IUlw Healthy, monitored --1 hour
8 cm-l W4w Activated with LPS on ATR,

monitored -2 hours
8 cm-l Mw Healthy, monitored -1 hour
8 cm-l Mw Activated with LPS on ATR,

monitored -2 hours
8 cm-l IUlw Healthy, dried on AgCl plate

9
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‘ 9/18/00

9/25/00

9/28/00

Triu.mnission

ATR
ATR

ATR
ATR

ATR

ATR

ATR

ATR

8 cm-l

8 cm-l
8 cm-l

8 cm-l
8 cm-’

8 cm-l

8 cm-l

8 cm-’

8 cm-l

Faw

Iuiw
RAw

luw
Faw

IL4w

R4w

FL4w

Iww

Acfivated with LPS on AgCl
plate, dried
Healthy, monitored -1 hour .
Activated with LPS on ATR,
monitored -5 hours “
Healthy, monitored -1 hour -
Activated with LPS on ATR,

‘monitored -1 hours
Healthy cells, PBS buffer
added, monitored -1 hour
Healthy cells, monitored -1
hour
Activated with LPS + INF on
Am monitored -7 hours
Cells Preactivated with LPS +
INF approximately 5 hours
prior, monitored -1 hour

Table 1 Data collected, spectral resolution, cell type and activation conditions

Results and Discussion

In-situ activation of cells did not provide a repeatable elapsed time response. In
some experiments, the appearance of a response was not identifiable after 1 hour,
wherkas in other experiments, differences between the healthy cell spectra and the
activated cell spectra were visible after 1 hour. Presumably, this was due to inadequate
contact between the activating agent and the cells on the surface of the ATR. However,
activation was seen in many experiments. Shown in Figure 1 and FQure 2 are the
inbred spectra collected from healthy and activated RAW cells, at 1 hour and 5-7 hours
after activation for 2 separate experiments. Spectra have been normalized to the1551 cm-
1amide ILband. Evident in the spectra are changes in bands at 1190 cm-l and 1073 cm-l.
Literature assignment of these bands indicated they are most likely resulting from RNA
synthesis.(3)

.

.
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Fignre 1 Infrared spectra data collected using ATR sampling on 9/13/00. (—)is the spectrmn
collected from healthy, RAW cells; (...) is the spectrum collected -1 hour after activating RAW cells
with LPS; (—) is the spectrnm collected after-7 hours after activating RAW celk with LPS.
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Figure 2 Infrared spectra data collected rising ATR sampling on 9/18/00. (–) is the spectrum

collected from healthy, RAW cells; (...) is the spectrnm collected -1 hour after activating RAW cells
with LPS; (—) is the spectrum collected after -5 honrs after activating RAW cells with LPS.
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In transmission mode, the dried cells have slightly different spectral
characteristics. Shown in Fibme 3 are the transmission spectra from healthy and
activated RAW cells, dried onto AgCl plates. The most notable difference between the
live cells collected from the ATR and the dried cells are the bands between 1290 cm-l and
950 cm-~,as well as between 1500 and 1700 cm-l. The spectral differences seen between
the live cells and the dehydrated cells could be due to confirmational changes known to
occur upon changes in water content of nucleic acids and proteins. Nevertheless, even
the dehydrated state, distinct changes are visible. Changes in the RNA bands between
1190 and 1290 cm-l could possibly be from changes in conformation due to hydration
variations. The bands between 1500 and 1700 cm-1 are due to the amide I and amide II
absorption, predominately from the amino acids of proteins, although there is some
contribution from nucleic acids as well. It is unclear at present the source of the band at
1593 cm-l, however, since its intensity increases dramatically after activation, it may also
be due to RNA production.

1.81. I I , , , , , , , I
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Figure 3 Infrared spectrum collected in using transmission sampIing on 8/17/00. (–) is the spectrum

collected from healthy, RAW cells dried onto an AgCl plate; (.,..) is the spectrum collected from cells
pre-activated with LPS + IN? -3.5 hours prior, then dried onto an AgCl plate.

Conclusion

Mid infrared spectroscopy has been used to evaluate the activation of live cellular
material. Distinct changes were visible in the infrared spectra after 1 hour in many cases.
The spectral changes visible were presumably due to RNA synthesis. Dried cells were
also examined, and noted to have spectra that were different from those collected from
live cells, suggesting the spectral characteristics of hydrated cells are different from those
obtained from dehydrated cellular material. Further work on this project will continue

12



under a grant from DARPA, and will focus on determining the sources of the spectral
changes, as well as the examination of other activating agents and cell lines. Eventually,
with a clear understanding of the spectral signature of activation, more complex
biomaterials will be examined.
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