
Scientic Paper: 

 

 
 
 
Plant Physiology 146, 636-645, 2008 
 

Functional Coexpression of the Mitochondrial Alternative 
Oxidase and Uncoupling Protein Underlies Thermoregulation in 
the Thermogenic Florets of Skunk Cabbage1[W][OA] 
 
Yoshihiko Onda, Yoshiaki Kato2, Yukie Abe3, Takanori Ito, Miyuki Morohashi, Yuka Ito, 
Megumi Ichikawa4, Kazushige Matsukawa, Yusuke Kakizaki, Hiroyuki Koiwa, and Kikukatsu Ito* 

 
United Graduate School of Agricultural Science (Y.O., M.M., K.M.), and Cryobiosystem Research Center, 
Faculty of Agriculture (Y.K., Y.A., T.I., Y.I., M.I., Y.K., K.I.), Iwate University, Iwate 020–8550, Japan; and 
Research Institute of Bio-System Informatics, Tohoku Chemical Co., Ltd., Iwate 020–0022, Japan (H.K.) 
2Present address: Sato Forestry Inc., 3-6-16 Hokuto-cho, Kitami, Hokkaido 090-0035, Japan 
3Present address: Skylight Biotech Inc., 4-11 Sanuki, Araya-machi, Akita-shi, Akita 010-1623, Japan 
4Present address: Graduate School of Agricultural and Life Sciences, The University of Tokyo, Yayoi, 
Bunkyo-ku, Tokyo 113-8657, Japan 
 
Abstract:  
 
Two distinct mitochondrial energy dissipating systems, alternative oxidase (AOX) and uncoupling 
protein (UCP), have beenimplicated as crucial components of thermogenesis in plants and animals, 
respectively. To further clarify the physiological roles of AOX and UCP during homeothermic heat 
production in the thermogenic skunk cabbage (Symplocarpus renifolius), we identified the thermogenic 
cells and performed expression and functional analyses of these genes in this organism. Thermographic 
analysis combined with in situ hybridization revealed that the putative thermogenic cells surround the 
stamens in the florets of skunk cabbage and coexpress transcripts for SrAOX, encoding Symplocarpus 
AOX, and SrUCPb, encoding a novel UCP that lacks a fifth transmembrane segment. Mitochondria isolated 
from the thermogenic florets exhibited substantial linoleic acid (LA)-inducible uncoupling activities. 
Moreover, our results demonstrate that LA is capable of inhibiting the mitochondrial AOX pathway, 
whereas the proportion of pyruvate-stimulated AOX capacity was not significantly affected by LA. 
Intriguingly, the protein expression levels for SrAOX and SrUCPb were unaffected even when the ambient 
air temperatures increased from 10.3°C to 23.1°C or from 8.3°C to 24.9°C. Thus, our results suggest that 
functional coexpression of AOX and UCP underlies the molecular basis of heat production, and that 
posttranslational modifications of these proteins play a crucial role in regulating homeothermic heat 
production under conditions of natural ambient temperature fluctuations in skunk cabbage. 
 


