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In an effort to understand the spectral changes observed between healthy and diseased
tissues and cells, we have undertaken studies that correlate these spectral changes with other
indicators of cell biology. Three different experiments will be described that illustrate the
amazing sensitivity of IR microspectroscopy (IR-MSP) toward the overall architecture of
eucaryotic cells, toward the stages within of cell’s division cycle, and toward the response of
cells to biochemical signals.
The overall biochemical architecture of large, healthy oral mucosa cells was studied
by IR-MSP, using both single detector instrumentation and a focal plane array detector
equipped prototype instrument (IRScope II, Bruker Optik, Germany). Spatial resolution of
these mapping experiments was ca. 12 and 5 µm, respectively. These experiments revealed
that the cytoplasmic region of a cell, and the cell nucleus, exhibit very similar spectra which
are totally dominated by protein spectral contribution.1 Membrane components and nucleic
acids (both nuclear DNA and nuclear/cytoplasmic RNA) contribute very little to the overall
spectra in terminally differentiated and quiescent cells.
When cultured cells (myeloid leukemia) are synchronized according to their cell
division cycle stages, one finds that in the quiescent stage (G0), and also during most of the
Gap1 (G1) and Gap2 (G2) phases, the overall spectrum is dominated by protein spectral
contribution. However, starting at the G1/S interphase, during the S phase and until about the
S/G2 point, the spectra of individual cells, as well as those collected by averaging methods,
exhibit very strong DNA signals. These signals were correlated to a variety of cell biological
methods, such as fluorescence activated cell sorting (FACS), and DNA digestion studies.
Similar results have been reported for synchronized fibroblasts.3
Finally, in order to establish differences between normal and cancerous cells, we
report spectra of wild type fibroblasts (rat liver, 3Y1 cell line) and a transformed cell line that
overexpresses the epidermal growth factor (EGF) receptor (3Y1R). FACS analysis, thymidine
uptake and Western blots of both the 3Y1 and 3Y1R were used to establish the exact growth
patterns of these cell cultures. Upon treatment with EGF, a significant spectral change is
observed for the 3Y1R, but not the 3Y1 cells; furthermore, a different spectral response was
observed depending on whether or not the cells were starved before EGF treatment. These
observed spectral changes are interpreted in terms of cells progressing toward cancer or
apoptosis, respectively.
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