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Cryoconite granules, composed of microorganisms, biological debris, and minerals, are found worldwide in 
supraglacial habitats. Cryoconite granules attract attention because they involve the darkening of glaciers to accelerate 
glacier melting. Cyanobacteria are the primary producer of cryoconite granules. Although they are expected to be 
tolerant against low temperature, freezing, and high light stresses, their physiological responses to environmental 
stresses have yet to be studied well. Phormidesmis priestleyi is one of the dominant cyanobacteria in Arctic cryoconite. 
In this study, we investigated the photosynthetic properties of P. priestleyi isolated from a glacier in Greenland. We 
analyzed its photosynthetic responses against temperature change, freezing, and dehydration. It was demonstrated that 
P. priestleyi is not psychrophilic but has a cold-tolerant feature, including photosynthetic activity around zero degrees. 
The ability to recover from the freezing treatment was confirmed after cold acclimation. On the other hand, P. priestleyi 
didn’t show dehydration tolerance. These results suggest that water is retained within the cells under freezing conditions 
despite the osmotic pull of water from the surrounding environment. In addition, the acetylene reduction activity 
showed light-dependent nitrogenase activity in the isolated strain at a low temperature. The carbon and nitrogen fixation 
activities of P. priestleyi at a low temperature may be advantageous for propagating species in glacial habitats. 

1870 Adolf Erik 
Nordenskiöld

[1]
1 mm

[2,3,4]

[2,3] Phormidesmis, Phormidium, 
Leptlyngbia, Nostoc [5,6,7,8]

[9]

[5,10,11,12] nif

[12] Leptolyngbia Nostoc nif
Leptolyngbia



矢野充啓  小杉真貴子  植竹 淳  諏訪裕一  小池裕幸 

nif mRNA
[12]  

[13]
[14]

0

0

 
Phormidesmis priestleyi [15]

P. priestleyi
[6,7,16]

Leptolyngbia Nostoc Phormidesmis

[17]  

[18]

[19]

[20,21] rETR

[22]

[23]

[24]
90

[25,26]  



氷雪ラン藻 Phormidesmis priestleyi の生理学的特性 

P. priestleyi

 
 

 
 

Phormidesmis priestleyi QA1  

TOSHIBA 3  50 PAR 20 μE m 2 s 1 20 10  BG11
[27] 1/10 BG11 140 1  

 
 

N78 53’ 38.7”
E11 49’ 08.5” N78 53’ 41.03” E11 50’ 28.76” 0

2 , LED PAR 40 μE m 2 s 1  
 

Anabaena sp. PCC 7120 
25 TOSHIBA

PAR 25 μE m 2 s 1 CO 3 5
BG11 [27]  
 

Synechocystis sp. PCC 6803 
Anabaena  

 
Nostoc commune 

N. commune 30
MilliQ  

 
 

P. priestleyi 30
PAM Water PAM fiber type, Walz, Germany PAM

Fo QA

Fm Fv/Fm Fv=Fm-Fo

Fm’ 1
Fv’/Fm’ Fv’=Fm’-Fo’

rETR relative 
electron transport rate 9  
 

 
20 P. priestleyi 4 1



矢野充啓  小杉真貴子  植竹 淳  諏訪裕一  小池裕幸 

TOSHIBA PAR 20 μE m 2 s 1 PAM
20 -25
20

20
 

 
 

HEPES-NaOH pH 7.5
1  

 
 

CABIN
600 μE m 2 s 1 NaHCO3 1 mM Synechocystis sp. PCC 6803

Anabaena sp. PCC 7120 P. priestleyi 15 μg/ml HEPES-NaOH 
pH7.5 2 ml DESAGA

FRIGOSTAT Synechocystis sp. PCC 6803 Anabaena sp. PCC 7120 25 P. priestleyi 18
R-61

 
 

PAM P700  
PAM101 Waltz, Germany Dual-Wavelength P700 Unit Light Intensity 

5 GAIN 5 DAMPING 9 PAM
16 mm 17 mm

8
e-corder AD

 
 

77K  
5 μl 3 mm

CS4-96
50 μE m 2 s 1

NIR2

 
 

 
BG11 [27] 1

Anabaena sp. PCC 7120
P. priestleyi Anabaena sp. PCC 7120

[28] P. priestleyi Anabaena sp. PCC 7120

1.5 10 v/v
3

PAR 20 μE m 2 s 1 12h



氷雪ラン藻 Phormidesmis priestleyi の生理学的特性 

3
150 μl 1.5

100 GL  PorapacT
50  

 
 

 
P. priestleyi rETR

Figure P. priestleyi rETR 25
Figure 1 25

15 P. priestleyi
15 300 μE m 2 s 1 rETR

Fm’=F0’ rETR= Fm’-F0’ /Fm’ PAR = 0 0
P. priestleyi

P. priestleyi

[29] P. priestleyi QA1
0

 

P. priestleyi 20
-25 20 20 μE m 2 s 1

P. priestleyi 1 4
20 μE m 2 s 1 Table

25
P. priestleyi

1 4 20 μE m 2 s 1

2 70 Table 1

 

 
Figure 1: P. priestleyi ( ) ( )

 



矢野充啓  小杉真貴子  植竹 淳  諏訪裕一  小池裕幸 

25 4
P. priestleyi

 
 

Table   

 

[30]

[31]
Nostoc 90 P. 

priestleyi
 

 
 

 
P. priestleyi Synechocystis sp. PCC 

6803 Anabaena sp. PCC 7120 Synechocystis sp. PCC 
6803 [26] Anabaena sp. PCC 7120

[32] P700
77K CO2

Table 2  
 

Table 2  μmol O2/mg Chl/h  

Synechocystis sp. PCC 6803 
Anabaena sp. PCC 7120 
Phormidesmis priestleyi  

 
Synechocystis sp. 

PCC 6803 P. priestleyi
Anabaena sp. PCC 7120 38.5  P. priestleyi
Synechocystis sp. PCC 6803 Anabaena sp. PCC 7120

 
Synechocystis sp. PCC 6803 P. priestleyi

PAM
P700 77K  
P700  



氷雪ラン藻 Phormidesmis priestleyi の生理学的特性 

P700
Figure 2  

 
P700

P700 P700
Nostoc 

commune P700 [26] P700

[33]  
Synechocystis sp. PCC 

6803
P700
P700 Anabaena sp. PCC 7120

P700

P. priestleyi QA1 Synechocystis 6803

P. 
priestleyi  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2: P700 P700  

PAM P700  
P. priestleyi Anabaena sp. PCC 7120 Synechocystis sp. 
PCC 6803 P700

 



矢野充啓  小杉真貴子  植竹 淳  諏訪裕一  小池裕幸 

 

710 nm 740 
nm F730 695 
nm 685 nm F685 F695

685 nm

660 nm F660
640 nm

F640
Figure 3

Figure 4  
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: 77K  

PBS
F660

685 640 695 77K
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: 77K  

P. priestleyi Anabaena sp. PCC 7120 Synechocystis 
sp. PCC 6803 77K

 



氷雪ラン藻 Phormidesmis priestleyi の生理学的特性 

Synechocystis 6803 F730 F685 F695
1/2 730 nm 720 nm

F660

P700

F695 F685
F685

F685  
Anabaena sp. PCC 7120

F685 F695 F640 F660
Anabaena sp. PCC 7120

P700
 

 
0

P. 
priestleyi

Nostoc
P. priestleyi Synechocystis sp. PCC 6803 F730

F685 F695 1/2
F685 F695

P. priestleyi P. 
priestleyi

P. priestleyi

[34]
Ice-binding proteins IBPs IBPs

2016 Nostoc
IBPs [35] P. priestleyi IBP

P. priestleyi

IBPs IBPs P. 
priestleyi

 
 

 
Phormidesmis priestleyi Ana

P. priestleyi
Leptoryngbya boryana [17]



矢野充啓  小杉真貴子  植竹 淳  諏訪裕一  小池裕幸 

2 P. priestleyi
P. priestleyi QA1

Figure 5 3

12
12 24

 

 

Nostoc

Figure 5
P. priestleyi

12h/12h 12h/12h
2

2  
Anabaena sp. PCC 7120

ATP

2

 

 
Figure 5: P. priestleyi  

P. priestleyi 20
24 24 12 12

1 3  (n=1)  



氷雪ラン藻 Phormidesmis priestleyi の生理学的特性 

P. priestleyi QA1 20
4 20 μE 

m 2 s 1 1 Figure 
6 4 3 3

2 Figure 6
0

4
24

[10,11] Leptolyngbia nif
[5]

 
 

 
 

P. priestleyi 0

 

P. priestleyi
 

 
 

2016 2017
 

 
Figure 6: P. priestleyi  

P. priestleyi 20 4
12 12

20 3 4 2  



矢野充啓  小杉真貴子  植竹 淳  諏訪裕一  小池裕幸 

Ny-Ålesund
Response of high Arctic tundra ecosystem to climate change Research in Svalbard 

ID:3156
 

 
[1]  Leslie, A: “The Arctic voyages of Adolf Erik Nordenskiöld. 1858-1879” Macmillan and Co., London, UK,1879 
 
[2] Takeuchi, N., Kohshima, S., Goto-Azuma, K., Koerner, R.M.: Biological characteristics of dark colored 

material (cryoconite) on Canadian Arctic glaciers (Devon and Penny ice caps), Mem. Natl. Inst. Polar Res. 
Special Issue 54,495-505, 2001 

 
[3]  Langford, H., Hodson, A., Banwart, S., Bøggild, C.: The microstructure and biogeochemistry of Arctic 

cryoconite granules. Ann. Glaciol. 51(56), 87–94, 2010 
 
[4]  Yallop, M. L., Anesio, A. M., Perkins, R. G., Cook, J., Telling, J., Fagan, D., MacFarlane, J., Stibal, M., Barker, 

G., Bellas, C., Hodson, A., Tranter, M., Wadham, J., Roberts, N. W.: Photophysiology and albedo-changing 
potential of the ice algal community on the surface of the Greenland ice sheet. ISME J, 6 (12), 2302–2313,2012 

 
[5]  Segawa, T., Takeuchi, N., Mori, H., Rathnayake, R. M. L. D., Li, Z., Akiyoshi, A., Satoh, H., Ishii, S.: Redox 

stratification within cryoconite granules influences the nitrogen cycle on glaciers. FEMS Microbiol. Ecol., 96 
(11), fiaa199, 2020 

 
[6] Chrismas, N. A. M., Anesio, A. M., Sánchez-Baracaldo, P.: Multiple adaptations to polar and alpine 

environments within cyanobacteria: A phylogenomic and 12ayesian approach. Front. Microbiol., 6, 01070, 2015 
 
[7] Uetake, J., Nagatsuka, N., Onuma, Y., Takeuchi, N., Motoyama, H., Aoki, T.: Bacterial community changes with 

granule size in cryoconite and their susceptibility to exogenous nutrients on NW Greenland glaciers. FEMS 
Microbiol. Ecol., 95 (7), fiz075, 2019 

 
[8] Rozwalak, P., Podkowa, P., Buda, J., Niedzielski, P., Kawecki, S., Ambrosini, R., Azzoni, R. S., Baccolo, G., 

Ceballos, J. L., Cook, J., Di Mauro, B., Ficetola, G. F., Franzetti, A., Ignatiuk, D., Klimaszyk, P., okas, E., Ono, 
M., Parnikoza, I., Pietryka, M., Pittino, F., Poniecka, E., Porazinska, D. L., Richter, D., Schmidt, S. K., Sommers, 
P., Souza-Kasprzyk, J., Stibal, M., Szczuci ski, W., Uetake, J., Wejnerowski, ., Yde, J. C., Takeuchi, N., 
Zawierucha, K.: Cryoconite – From minerals and organic matter to bioengineered sediments on glacier’s 
surfaces. Science of The Total Environment, 807, 150874, 2022 

 
[9] Uetake, J., Tanaka, S., Hara, K., Tanabe, Y., Samyn, D., Motoyama, H., Imura, S., Kohshima, S.: Novel biogenic 

aggregation of moss gemmae on a disappearing African glacier. PloS One, 9 (11), e112510, 2014 
 
[10] Telling, J., Anesio, A. M., Tranter, M., Irvine-Fynn, T., Hodson, A., Butler, C., Wadham, J.: Nitrogen fixation on 

Arctic glaciers, Svalbard. Journal of geophysical research.: Biogeosci., 116 (G3), 2011 
 
[11] Telling, J. P., Stibal, M., Anesio, A. M., Tranter, M., Nias, I., Cook, J., Bellas, C. M., Lis, G., Wadham, J. L., Sole, 

A., Nienow, P., Hodson, A.: Microbial nitrogen cycling on the Greenland ice sheet. Biogeosci., 9, 2431–2442, 
2012 

 
[12] Segawa, T., Takeuchi, N., Mori, H., Rathnayake, R. M. L. D., Li, Z., Akiyoshi, A., Satoh, H., Ishii, S.: Redox 

stratification within cryoconite granules influences the nitrogen cycle on glaciers. FEMS Microbiol. Ecol., 96 
(11), fiaa199, 2020 

 
[13] Segawa, T., Takeuchi, N., Fujita, K., Aizen, V. B., Willerslev, E., Yonezawa, T.: Demographic analysis of 

cyanobacteria based on the mutation rates estimated from an ancient ice core. Heredity, 120 (6), 562–573, 2018 



氷雪ラン藻 Phormidesmis priestleyi の生理学的特性 

 
[14] Gokul, J. K., Cameron, K. A., Irvine-Fynn, T. D. L., Cook, J. M., Hubbard, A., Stibal, M., Hegarty, M., Mur, L. 

A. J., Edwards, A. Illuminating the dynamic rare biosphere of the Greenland ice sheet’s dark zone. FEMS 
Microbiol. Ecol., 95 (12), fiz177, 2019  

 
[15] Komárek, J., Kaštovský, J., Ventura, S., Turicchia, S. Š.: The cyanobacterial genus Phormidesmis. Algological 

studies, 129, 41–59, 2019 
 
[16] Zeng, Y.-X., Yan, M., Yu, Y., Li, H.-R., He, J.-F., Sun, K., Zhang, F.: Diversity of bacteria in surface ice of Austre 

Lovénbreen glacier, Svalbard. Arch Microbiol, 195 (5), 313–322, 2013  
 
[17] Chrismas, N. A. M., Barker, G., Anesio, A. M., Sánchez-Baracaldo, P.: Genomic mechanisms for cold tolerance 

and production of exopolysaccharides in the Arctic cyanobacterium Phormidesmis priestleyi BC1401. BMC 
Genomics, 17 (1), 533,2016  

 
[18] Takeuchi, N., Nishiyama, H., Li, Z.: Structure and formation process of cryoconite granules on Ürümqi glacier 

No. 1, Tien shan, China. Ann. Glaciol., 51 (56), 9–14, 2010  
 
[19] Lin Y., Hirai M., Kashino Y., Koike H., Tuzi S. and Satoh K.: Tolerance to freezing stress in cyanobacteria, 

Nostoc commune and some cyanobacteria with various tolerances to drying stress. Polar Biosci. 17, 56-68, 
2004 

 
[20] Bailey, S., Grossman, A.: Photoprotection in cyanobacteria: regulation of light harvesting. Photochem. 

Photobiol., 84 (6), 1410–1420, 2008  
 
[21] Ogawa T., Misumi M. and Sonoike K.: Estimation of photosynthesis in cyanobacteria by pulse-amplitude 

modulation chlorophyll fluorescence: problems and solutions. Photosynth Res 133, 63-73, 2017 
 
[22] Tyystjärvi, E.: Photoinhibition of Photosystem II. Int Rev Cell Mol Biol, 300, 243–303, 2013  
 
[23] Sonoike, K.: Photoinhibition of Photosystem I. Physiol Plant, 142 (1), 56–64, 2011  
 
[24] Schreiber, U.: Pulse-Amplitude-Modulation (PAM) Fluorometry and Saturation Pulse Method: An Overview. 

Papageorgiou, G. C., Govindjee (Eds) “In Chlorophyll a Fluorescence: A Signature of Photosynthesis” Advances 
in Photosynthesis and Respiration; Springer Netherlands: Dordrecht, 279–319, 2004 

 
[25] Satoh, K., Hirai, M., Nishio, J., Yamaji, T., Kashino, Y., Koike, H.: Recovery of photosynthetic systems during 

rewetting is quite rapid in a terrestrial cyanobacterium, Nostoc Commune. Plant Cell Physiol, 43 (2), 170–176, 
2002  

 
[26] Hirai, M., Yamakawa, R., Nishio, J., Yamaji, T., Kashino, Y., Koike, H., Satoh, K.: Deactivation of 

photosynthetic activities is triggered by loss of a small amount of water in a desiccation-tolerant 
cyanobacterium, Nostoc Commune. Plant Cell Physiol, 45 (7), 872–878, 2004  

 
[27] Rippka, R., Deruelles, J., Waterbury, J., B., Herdman, M., Stanier, R., Y.: Generic assignments, strain histories 

and properties of pure cultures of cyanobacteria, J. Gen. Microbiol. 111, 1-61, 1979 
 

[28] Dilworth, M. J. Acetylene: Reduction by nitrogen-fixing preparations from Clostridium pasteurianum. 
Biochimica et Biophysica Acta (BBA) – General Subjects, 127 (2), 285–294, 1966  

 
[29] Kirilovsky, D., Kerfeld, C. A.: Cyanobacterial photoprotection by the orange carotenoid protein. Nat Plants, 2 

(12), 16180, 2016 
 
[30] Kawahara, H. Cryoprotectants and Ice-Binding Proteins. Margesin, R. (Ed) “Psychrophiles: From Biodiversity 



矢野充啓  小杉真貴子  植竹 淳  諏訪裕一  小池裕幸 

to Biotechnology” Springer International Publishing: Cham, 237–257, 2017  
 
[31] Vincent W.: Cold tolerance in cyanobacteria and life in the cryosphere. J. Seckbach (Ed) “Algae and 

Cyanobacteria in Extreme Environments” Springer Dordrecht, 287-301, 2007 
 
[32] Katoh, H., Asthana, R. K., Ohmori, M.: Gene expression in the cyanobacterium Anabaena sp. PCC7120 under 

desiccation. Microb Ecol, 47 (2), 164–174, 2004  
 
[33] Kosugi, M., Arita, M., Shizuma, R., Moriyama, Y., Kashino, Y., Koike, H., Satoh, K.: Responses to desiccation 

stress in lichens are different from those in their photobionts. Plant Cell Physiol. 50 (4), 879–888, 2009 
 
[34] Singh, P., Hanada, Y., Singh, S. M., Tsuda, S. : Antifreeze protein activity in Arctic cryoconite bacteria. FEMS 

Microbiol. Letters, 351 (1), 14–22, 2014  
 
[35] Raymond, J. A., Janech, M. G., Mangiagalli, M.: Ice-binding proteins associated with an Antarctic 

cyanobacterium, Nostoc sp. HG1. Appl Environ Microbiol, 87 (2), e02499-20, 2021  
 


