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2 Supplementary Figure 1 Average spectra of the chemical image shown in Fig. 1 (B). A 

3 spectrum from the CaF2 substrate is shown at the bottom in black indicating that the two 

4 bands found at 320 cm-1 and 640 cm-1 do not alter analyzing the aforementioned Raman bands 

5 originating from spermatozoa. Shades indicate regions used for sum filter analysis. The 

6 spectra are offset on the intensity axis for better visability.
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8 Supplementary Figure 2 Normalized Intensities for 750 cm-1 and 1095 cm-1 from the head 

9 region (red points) in Fig. 1 (H) – (M) and from the midpiece region (black points) in Fig. 1 

10 (N) – (S). The three points with the highest intensities from sum filter analysis were selected 

11 in each image to calculate the data points as I(750 cm-1) for the Y- and I(1095 cm-1) for the X-

12 values before normalization. Error bars correspond to the standard error of the mean.
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14 Supplementary Figure 3 Chemical images of 35 single sperm cells measured in an 

15 automated fashion reconstructed by sum filter analysis. Blue color scale corresponds to 
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16 various CH vibrations (2800 cm-1 to 3000 cm-1), green to the midpiece (745 cm-1 to 755 cm-1), 

17 and red to the head region (1090 cm-1 to 1100 cm-1). Scale bars are 2 µm. Geometry: 13 µm x 

18 13 µm, 20 points per line, 20 lines per image, 0.15 s acquisition time per spectrum, 15 mW 

19 laser power. Total integration time per sperm cell ~ 60 s. In two cases the DNA and 

20 mitochondria could not be resolved (sperm cell #27 and #32). The measured sperm cells were 

21 not in the same position regarding their z-position, resulting in a variation in S/N ratio, since a 

22 confocal setup was used for automated Raman measurements.
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25 Supplementary Figure 4 Detected fluorescence signals of sperm cells after Percoll 

26 centrifugation, immobilization and storage for 4 h at 35 °C. (A) Fluorescence signal of the 

27 SYBR14/DNA complex. Bright spots indicate cells with undamaged membrane. (B) 

28 Fluorescence signal of the PI/SYBR14/DNA complex. No detected fluorescence signal 

29 indicates that sperm cell membranes were not damaged by centrifugation and immobilization 

30 on the CaF2 substrate.
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32 Supplementary Figure 5 Optical video image using the Raman microscope showing 

33 immobilized sperm cells (compare the field of view to Fig. 3) Blue, red and green squares 

34 represent scan areas in which automated CRM image scans of single sperm cells were 

35 performed with a laser power of 30 mW.
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37 Supplementary Figure 6 Optical images taken with the Raman instrumentation showing a 

38 single sperm cell directly after being transferred onto the coated CaF2 substrate at. Note the 

39 motility of the flagellum at different times while the cell head is immobilized immediately.

40

41 Supplementary Figure 7 (A) Optical image showing immobilized sperm cells. White 

42 squares represent scan areas in which automated Raman image scans of single sperm cells 

43 were performed. Scan parameters were 10 µm x 10 µm with 333 nm pixel size at 15 mW laser 

44 power, and 500 ms acquisition time per spectrum. (B) Arrows are pointing to the average 

45 Raman spectrum of each cluster calculated by multivariate K-means cluster analysis, 

46 performed from 400 cm-1 to 1800cm-1 with no data reduction. The Manhattan function was 

47 used to determine cluster distances. While the Raman band at 750 cm-1 can be found with 

48 high intensity in the green cluster, found in the midpiece regions of the cells, the red cluster 

49 shows two characteristic bands from DNA at 785 cm-1 and 1095 cm-1 with high intensities, as 

50 well as protein features at 1655 cm-1. In the blue cluster these features can be found too, albeit 

51 with a different distribution of band intensities. (C) – (H) False color images reconstructed 

52 from hyperspectral datasets by multivariate K-means cluster analysis. Green color 
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53 corresponds to the mid-section, blue color corresponds to a region surrounding the red 

54 Cluster, that is located inside the head of the cells.

55

56 Supplementary Figure 8 (A) Optical image showing a human sperm cell. (B) Fluorescence 

57 signal of the MitoTracker Green FM probe. Green color indicates that the midpiece region has 

58 been stained, showing mitochondria.


