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Abstract 

The unusual properties of the ‘red rain’ cells that fell in Kerala, India have given rise to speculation over their 

identity and provenance, but little biological analysis has been attempted. The present study investigates the 

properties of the red pigment that give these cells their characteristic color. Though more investigation is 

required for complete chemical and molecular characterisation of red pigment, we report the successful 

extraction of these compounds from red rain cells using DMSO, and their subsequent analysis by UV-visible 

and fluorescence spectroscopy. Distinct spectral signatures suggest the presence of porphyrin complexes 

inconsistent with chlorophyll, phycobilins and carotenoids; possible presence of mycosporine-like amino acids 

is also suspected.  
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1. Introduction 

The rain that showered a region of about 

450x150km in Kerala, southern India in the 

summer of 2001 (Louis and Kumar, 2006) 

contained suspended red spore-like particles with a 

thick external envelope and a central core 

(Gangappa et al., 2014).  Initial reports suggested 

that the cells were unicellular algae belonging to 

the genus Trentepohlia, however this has not 

corroborated, and our own recent study (Gangappa 

et al., 2014) on the contrary suggests an as yet 

unidentified prokaryote.  Furthermore there has 

been no published investigation on the properties of 

red rain cells and the nature of their pigmentation.  

Owing to the apparent stability of the cells and 

their pigmentation at extremes of temperature, pH, 

nutrient deprivation and exposure to high energy 

radiation, their identity and provenance have 

stimulated considerable discussion. The red color 

of the cells is largely located in the thick external 

layer (~800nm) surrounding the central core, which 

makes the cells highly impermeable to organic 

solvents and chemical reagents (Gangappa and 

Hogg, 2013).  An early investigation into the red 

rain cells described their fluorescence emission in 

disagreement with Kasha’s rule (Louis and Kumar, 

2006; 2008).  The unusual chemistry of the red 

compounds suggested by these reports has not been 

further investigated, most probably due to 

difficulties encountered in extracting them from the 

cells.  In this paper we report the successful 

extraction of red pigmentation from red rain cells 

and their subsequent analysis by UV-visible and 

fluorescence spectroscopy. The stability of these 

compounds at high and low temperature extremes 

is also described. Though more investigation will 

be required for the complete characterization of red 

pigment, present study is relevant in developing a 

sound basis for further studies. 

1. Materials and Methods 

Red rain cell samples for the present investigation 

were provided by Prof. Godfrey Louis, Mahatma 

Gandhi University, India. Samples of Sargassam 
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muticum, Fucus serratus and Fucus vesiculosus 

were a gift from Dr. Anthony Hann, Cardiff 

University, United Kingdom. 

1.1 Red pigment extraction and UV-visible 

spectroscopy 

 

Particulate matter that settled out from samples of 

red rain was rinsed twice in double distilled water 

and resuspended in 300µl of acetone, butanol, 

ethanol, ethyl acetate-methanol (1:1) or dimethyl 

sulfoxide (DMSO) and incubated for 20min at 

room temperature.  After incubation, samples were 

centrifuged at 13000g for 10min. The supernatant 

from each tube was analyzed in a Beckman Coulter 

(DU 730) UV-visible spectrometer. Subsequently, 

three species of brown algae (Sargassam muticum, 

Fucus serratus and Fucus vesiculosus) were also 

incubated in DMSO and their extracts analyzed as 

described above for comparison. 

 

2.2 Analysis of fluorescence emission of 

DMSO extracts by fluorescence spectroscopy 

A DMSO extract of red rain cells was prepared as 

above, and its fluorescence emission was measured 

by using an AMINCO-Bowman Series 2 (AB2) 

spectrofluorometer at continuous excitation 

wavelength from 250 to 600nm. In addition, red 

cells suspended in DMSO were observed by 

fluorescence microscopy as previously described 

(Gangappa and Hogg, 2013). 

1.2 Stability of red color at extremes of 

temperature: 

DMSO extracts of red rain cells were prepared as 

described above and incubated separately at -20, 

Room temperature (20), and 100 
o
C for 1h.  UV-

visible spectra were recorded as described above. 

2. Results 

The UV-visible spectra of acetone, butanol, ethanol 

and ethylacetate: methanol (1:1) extracts of red rain 

cells showed no absorption peaks (Fig 1a-1d) when 

compared with the appropriate solvent-only 

control.  A number of other solvents (chloroform, 

concentrated HCl, concentrated H2SO4 and 

methanol) were equally ineffective in dissolving 

the red pigment (results not shown). However, the 

pigment was readily soluble in DMSO, resulting in 

an orange-red supernatant that produced a UV-

visible spectrum with a prominent peak centered at 

338nm and two shoulder peaks at 435 and 553nm 

(Fig.1e). DMSO extracts of three species of algae 

(Sargassam muticum, Fucus serratus and Fucus 

vesiculosus) produced markedly different spectra, 

with absorbance peaks characteristic of chlorophyll 

and fucoxanthin (Fig. 2). In order to assess the 

stability of the red rain pigment at extremes of 

temperature, DMSO extracts were exposed to 

temperatures of 100 
o
C and -20 

o
C for 1 h.  

Subsequent analysis revealed no change in the 

position of the UV-visible absorption peaks or their 

intensity when compared with extracts held at room 

temperature (Fig. 3). 

The fluorescence emission spectrum of the DMSO 

extract displays a maximum emission peak at 

434nm with shoulder peaks at 461, 495 and a wide 

broadband between 504-587nm on excitation from 

310 to 330nm (Fig. 4a).  However, the intensity of 

these emission peaks diminishes gradually with an 

increase in excitation wavelength above 320nm.  

Moreover, upon continuous excitation from 361 to 

430nm, a prominent fluorescence emission band at 

672nm was observed (Fig. 4b) the intensity of 

which increases with an increase in excitation 

wavelength up to 418nm but diminishes upon 

further increase.  In addition, an emission band at 

822nm was consistently observed upon continuous 

excitation from 250 to 600nm (Fig. 2d).  

Subsequent observation under fluorescence 

microscopy revealed emission under each of the 

excitation filters (CFP, Et-DsRed, GFP, YFP) used 

(Figs. 5a-5e), which is consistent with the 

fluorescence spectroscopy results obtained. 

3. Discussion and Conclusion 

DMSO is well known as a ‘super solvent’, due to 

its ability to dissolve a variety of organic and 

inorganic substrates to the highest loading level, 

including those that are not normally soluble in 

other solvents. These characteristics are attributed 

to the ability of DMSO to form either stable solvate 

by dipole-dipole interactions or solvent-solute 

association by hydrophobic interactions (Rammler 

and Zaffaroni, 1967).  It is optically transparent 

over the range of 285 to 2200nm, and the hydrogen 

bonding between DMSO and proton donors makes 

it a solvent useful for spectroscopic studies of 

compounds bearing -OH and -NH2 groups (Billiot 

et a.,2010; Yu and Quinn, 1994).  Studies by 

Gurtovenko & Anwar (2007) provide evidence of 

molecular mechanisms for DMSO’s interaction 

with phospholipid membranes.  When used in 

different concentrations, it is shown to induce 

membrane thinning and temporal water pores in the 

membrane, and to cause removal of lipid molecules 

from the membrane, leading to the disintegration of 

the bilayer structure. These mechanisms may be 

responsible for the permeability enhancement and 

pigment extraction observed in the present study. 

DMSO has been used previously to extract 

hydrophilic pigments such as fucoxanthin and 

chlorophyll c from brown algae (Seely et al., 

1975).  It should be noted however that the UV-
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visible absorption peaks obtained from such 

extracts differ from the peaks we obtained for red 

rain cells. Moreover, as shown in Fig. 2, DMSO 

extracts of red rain cells show no corresponding 

peaks of chlorophylls and fucoxanthin, prompting 

us to suggest that these cells do not contain such 

pigments. 

The high intensity UV-visible absorption peak at 

338nm produced by the DMSO extract suggests the 

possible presence of high concentrations of the 

derivatives of amino cyclohexenone or 

aminocyclohexenimine rings also known as 

mycosporine-like amino acids (MMA). MMA are 

colorless and water soluble compounds (Garcia-

Pichel and Castenholz, 1993) and are known to 

provide protection against lethal doses of UV 

radiation (Lamare et al., 2004). The absorption 

band of these compounds ranges from 309 to 

360nm (Oren and Gunde-Cimerman, 2007; 

Sonntag et al., 2007; Klisch and Häder, 2008; Yuan 

et al., 2009; Al-Utaibi, 2009).  The shoulder peaks 

of low intensity at 435 and 553nm appear smooth 

and broad, possibly due to the relative orientation 

of the DMSO molecules around the red 

compounds, which may cause a broadening of the 

absorption spectra. Also, a very small peak at 

511nm was consistently observed.  The 435nm 

peak corresponds to a Soret band and the peaks at 

511 and 553nm to the so called Q-band.  A well-

defined peak at 435nm and the small peaks at 511 

and 553nm can be attributed to the porphyrin 

complexes containing conjugated acids of ligands 

binding to central metal (Zhuang et al., 2009; Sun 

et al., 2008; Takagi et al., 2002).  This pattern of 

bands is quite distinct from those seen with 

chlorophylls, hemoglobin or cytochromes. The 

disproportionately high levels of UV absorption at 

338nm relative to visible wavelengths could not 

reliably be attributed to porphyrin complexes, but 

may be due to UV screening compounds such as 

mycosporine-like amino acids; however this 

identification is at present tentative, and requires 

further investigation.  

The peak centred at 672nm resulting from 

excitation between 361-430nm can be attributed to 

the intense dark red pigmentation of red cells, most 

likely associated with metal-porphyrin complexes 

(Sun et al., 2008; Dargiewicz-Nowicka et al., 

2004).  This interpretation supports our UV-visible 

absorbance spectroscopy results, suggesting the 

presence of porphyrin complexes in these cells.  

However, the emission peak at this range was 

consistently observed at a wide range of excitation 

wavelengths (361 to 430nm). The factors 

responsible for this remain undetermined.  The 

emission peak at 822nm in the excitation ranging 

from 250 to 600nm wavelengths is intriguing, as 

other proteins fluorescing in the infrared region 

have found applications in biomedical research 

(Amiot et al., 2008).  Other emission peaks at 434, 

461, 495 and 504-587nm suggest that the molecular 

organisation in red rain cells may involve a 

heterogenous ensemble of compounds.  The 

emission wavelength is excitation independent, 

which is in agreement with Kasha’s rule but 

contradicts earlier reports on the red rain cells 

(Louis and Kumar, 2008).  However, the emission 

peaks in this study are from the extracted red 

compounds in DMSO, whilst the earlier results 

were obtained from untreated cultured red rain 

cells. Another interesting observation in the current 

study is that the emission spectrum of extracted red 

compounds violates the ‘mirror image’ rule for 

organic chromophores, i.e. the form of the emission 

spectrum should be approximately the mirror image 

of the absorbance (excitation). The emission 

spectrum of these compounds suggests a diversity 

of biopolymers present in these cells. These results 

were further supported by fluorescence microscopy 

showing consistent emission at wide range of 

excitation filters (Fig. 5a-5e). 

The UV-Visible absorption peaks of DMSO 

extracts and their intensity remained unaltered 

when exposed to 100
o
C and -20

o
C.  These also 

showed no change following exposure to ambient 

light at room temperature for extended periods; 

suggesting a very interesting chemistry of this 

pigment for further studies. It is noteworthy to 

mention that the red pigmentation did not show any 

signs of bleaching, despite the cells being stored in 

rain water under conditions of possible nutrient 

deprivation for several years. The results presented 

in this paper suggest the red compounds have an 

interesting chemistry, making them an appropriate 

subject for further investigation. 
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Figure 1: UV-Visible absorption peaks of (a) butanol, (b) ethanol, (c) ethylacetate:methanol (1:1), (d) 

acetone, and (e) DMSO extracts of red rain cells. Y-Axis: Absorbance and X-Axis: Wavelength. 

 

 

 Figure 2: Comparative analyses of (a) Sargassam muticum, (b) Fucus serratus, (d) Fucus vesiculosus, 

and (d) red rain cells by UV-Visible spectroscopy. (e) Dimethyl sulfoxide (f) rain water. Pigment 

extraction was carried out in DMSO. Y-Axis: Absorbance and X-Axis: Wavelength. 
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Figure 3: Stability of UV-Visible absorption peaks on incubation at room temperature, 100
o
C and -

20
o
C for 1 hour. Y-Axis: Absorbance and X-Axis: Wavelength. 

 

4: Fluorescence emission bands of DMSO extract of red rain cells at their corresponding excitation 

wavelengths. 

 

 

 

 

Figure 5a: Phase contrast image of Kerala red rain cells (bar scale 10µm) and their corresponding 

fluorescence emission pictures under (5b) CFP, (5c) Et-DsRed, (5d) GFP and (5e) YFP excitation 

filters. 

 


