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Cryobiological Perspectives on the Cold Adaptation of Polar Organisms

Sung-Ho Kang, Hyung Min Joo, Seungil Park, Woongsic Jung, Sung mco Hong,
Ki-Won Seo, Mi Sa Jeon, Han-Gu Choi, and Hak Jun Kim"

Korea Polar Research Institute, KORDI
Songdo Techno Park, Incheon 406-840, Korea

Abstract : The survival strategies of polar organisms at permanently or extremely cold temperatures and
their application to cryobiology were reviewed here. In addition, ongoing studies on psychrophiles also
were described. Psychrophiles are extremophiles that can grow and reproduce in cold temperatures,
typically at =10 to 20°C. These organisms developed various mechanisms of adaptation to extremely cold
environments. Polar organisms cope with these extreme physicochemical conditions using strategies such as
avoidance, protection and partnership with other organisms. Understanding on the strategies adopted by
polar organisms may provide insight on the physiological process that cells can go through during freezing.
Cryopreservation may be able to take advantage of the findings described above. Currently, genomes of
many cold-loving organisms have been sequenced and comparative genomics has revealed, at a molecular
level, the characteristics of these organisms. The investigation of microorganisms on the polar glaciers may
expand our understanding on the origin of life on Earth and other planets.
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P Tl EHE Yol AAZLE T (Tang e al. 1997;
Vincent 2000).
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e e, 3RS 53
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F83% AE FHo|th(Fig. 2A)(Wiedner and Nixdorf
o]F9] F
N FERF= AETHE FAEHS B3}
noE RS B olFdte Ao= UEHTH(Van Liere
and Walsby 1982). 5% AEF7= FAYEY =
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ol T3l ANEA ] AA L NE 2Fe] X9} 7
o] g3} FH(Crowe er al. 1984).
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Fig. 3. Structures of natural cryoprotectants and mech-
anism of antifreeze proteins. Chemical structures
of (A) Glucose, (B) Fructose, (C) Trehalose. (D)
Antifreeze proteins bind to ice through hydrogen
bonds with ice crystals, inhibiting the growth of
ice. Curvature of ice front is formed due to the
interactions (Knight and DeVries 1994).
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Table 2. Examples of commonly used cryoprotectants
(De Antoni 1989; Rudolph and Crowe 1995).

Oraimnm_ name Zc_m.o:_»_. Permeability
(Chemical formula) weight

Methanol (CH;0H) 32 (0]
Ethanol (C,HsOH) 46 o
Ethylene glycol (Co;H4(0H),) 62 (0]
1-2 Isopropanediol (C3Hg(0H),) 76 (0]
Dimethylsulfoxide ((CH3)SO) 78 O
Glycerol (C3Hs(OH)3) 92 (0]
Trehalose (C1,H,,041-2H,0) 3423 0]
Polyvinyl pyrrolidone 40,000 X
Hydroxyethyl Starch 97,000 X
EAE A B3 AX U FEL X8s] YF
Al i Aol FAHE Ag dAlske 988 9o =
A Zo] A2 Agd olg3te BHA(IA B, @53t
g, Fol2, 2YAB)2 YEuEY ol 5 kv
(Chang ef al. 2000; Dumet ef al. 2000), A Ed| Tz
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