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Raman Spectra of Single Reticulocytes and Small Lymphocytes in Blood
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Abstract The single-cell-molecular technique based on optical tweezers and Raman spectroscopy is employed to
study single reticulocytes and small lymphocytes of Sprague Dawley (S.D.) rat in nearly physiological solution. The
spectra of single reticulocytes and small lymphocytes are obviously different due to their components. The main
differences show that characteristic Raman bands of the protein are 1212, 1548, 1607 and 1616 cm ' for
reticulocytes, 1001 and 1661 cm ™' for small lymphocytes. and that of nucleic acid is 1584 ¢m ' for both of them. The
content of nucleic acid of small lymphocytes is more than that of reticulocytes, but for protein it is reverse by the
histogram analysis of part characteristic Raman bands. Furthermore, the reticulocytes and small lymphocytes can be
distinguished completely by principal component analysis and discriminant function analysis. The way of
distinguishing quickly and accurately of single reticulocytes and small lymphocytes by the Raman spectra cannot be
realized by optical microscope. It also provides a new method to distinguish two kinds of cells in blood for modern
biomedicine study.
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TC: temperature controller; DL: diode laser; OP: optical partition;
IF: interference filter; M: mirror; L: lens; PH: pinhole; NHF: holographic notch filter

CCD: charged-coupled detector; DM: dichroic mirror; lamp
BS: beam splitter; Obj: objective lens; EP: eyepiece; e
VC: video camera; =

lamp: green-filtered xenon illumination light
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Fig. 1 Schematic of the Experimental arrangement
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Fig. 2 Images of mature red blood cells, reticulocytes and

small lymphocytes (100 X ). (a) without optical
tweezers; (b) with optical tweezers
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Fig. 3 Raman spectra of single reticulocytes a and red blood
cell b of S.D. rat. Curve cis the subtraction of curve b
from curve a. For all measurements, the laser power is

15 mW at 780 nm and the data acquisition time is 15 s
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Table 1

Raman bands observed in the spectra of the cells and their tentative assignments

[16. 19, 21~25]

Peak position/cm !

Tentative peak assignments for Raman tissue spectra

752 Symmetric breathing of tryptophan
786 DNA. O-P-O, cytosine, uracil, thymine
895~899 DNA backbone / deoxyribose
1001~1002 Symmetric ring breathing mode of phenylalanine
1094 C—C stretch, O—P—0O stretch(nucleic acids)
1212 Tryptophan and phenylalanine (v ¢ cgns )
1257 Amide III; /adenine/cytosine

1306 CH, deformation(lipid) /adenine, cytosine
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Peak position/cm ™

1

Tentative peak assignments for Raman tissue spectra

CH;CH, wagging mode of collagen
Polynucleotide chain(DNA-purine bases)

Protein/lipid
Tryptophan

Nucleic acid purine bases (guanine, adenine)
Tryptophan (v g,)/ phenylalanine / tyrosine

C=C stretching mode of tyrosine and tryptophan

Amide I;o-helix

1335~1345
1336~1338
1449
1548
1584
1607
1616
1661
131
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Fig. 4 Raman spectra of single reticulocytes a and small
lymphocytes b of S. D. rat. The note b X 3 shows the
intensity of the spectra of small lymphocytes

magnified three times. For all measurements, the

laser power is 15 mW at 780 nm

and the data acquisition time is 15 s
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Fig. 6 Analysis of single cells spectra based on PCA (a); DFA (b)
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