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Table 1. The composition of COMBO medium

Major elements

Algal trace elements

mg/I umol/l
Ca 10.0 250.0
Cl 185 521.9
Mg 3.9 150.0
SO, 144 150.1
K 7.8 200.0
P 1.6 50.0
Na 31.0 1,350.3
N 14.0 1,000.0
CO, 9.0 150.0
Si 2.8 100.0
B 4.6 426.0

Animal trace elements

mg/I umol/l
Li 0.05 7.3
Rb 0.05 0.6
Sr 0.05 0.57
Br 0.0125 0.16
| 0.0025 0.02

mg/I umol/I
EDTA 3.4 11.7
Fe 0.21 3.7
Mn 0.05 0.9
Cu 0.00025 0.004
Zn 0.005 0.08
Co 0.003 0.05
Mo 0.0086 0.09
Se 0.001 0.012
\% 0.0005 0.01

Vitamins

mg/Il umol/I
B12 0.00055 0.0004
Biotin 0.0005 0.002
Thiamin 0.1 0.3

The concentration of all of the elements in the medium was indicated in weight and molar units.
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Fig. 1. Effect of the decrease in medium solute content on Daphnia magna
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Table 2. Examples of salt-deficient responsive genes categorized by their functions

Functional category Description L(egs)th Max eValue Sim;l::‘ity
lon binding and transport  Reticulocalbin. (Calumenin) 617 1.00E-61 71.70%
Calcium-transporting ATPase sarcoplasmic / 382 1.00E-57 86.00%
endoplasmic reticulum type
ferritin 1-like protein 321 1.00E-49 64.50%
Calmodulin 648 1.00E-79 99.55%
sulfate transporter 601 1.00E-34 58.60%
transport transmembrane 9 superfamily protein member 4 219 1.00E-19 94.80%
solute carrier family 35 (UDP-N-acetylglucosamine) 412 1.00E-47 74.55%
ATP-binding cassette transporter 588 1.00E-15 49.40%
broadly selective sodium/nucleoside transporter 365 1.00E-37 82.75%
transmembrane 9 superfamily member 2 428 1.00E-11 63.45%
Stress response heat shok protein 498 1.00E-23 74.40%
defense protein 445 1.00E-07 57.40%
putative alpha-2-macroglobulin immunity protein 574 1.00E-42 69.35%
tyrosine aminotransferase 432 1.00E-55 78.65%
cytochrom P450 555 1.00E-11 63.45%
Signal transduction Signal transducing adaptor molecule 561 1.00E-53 69.45%
map kinase-interacting serine/threonine kinase 697 1.00E-13 74.30%
cyclin-dependent protein kinase 5 450 1.00E-12 57%
transcription-related leucine-rich ppr-motif containing protein 731 1.00E-16 71.05%
splicing factor 526 1.00E-29 69.95%
DEAD box polypeptide 18 422 1.00E-47 85.25%
protein production ribosomal protein s8 482 1.00E-61 89.00%
ribosomal protein 127a 311 1.00E-29 92.15%
eukaryotic translation initiation factor 3 subunit 434 1.00E-22 72.20%
ribosomal protein L36e 466 1.00E-19 71.50%
Energy production lipase 1 precursor 621 1.00E-27 51.30%
NADH dehydrogenase subunit 1 412 1.00E-39 74.50%
glyceraldehyde-3-phosphate dehydrogenase 543 1.00E-97 92.65%
glutaryl-Coenzyme A dehydrogenase 268 1.00E-29 85.65%
cytochrome oxidase subunit 3 551 1.00E-77 90.00%
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Summary

Salinity concentration is one of the important environmental factors for an aquatic life. Although the
adaptation or tolerance to hypersalinity has been intensively investigated in various animals, plants or
microorganisms, the adaptation to salt-deficient condition has hardly been studied except in some brackish species
or diadromous fish. Consequently, it is speculated that freshwater species has developed some unique functions to
maintain and to utilize various salt factors in low salinity condition, which are still unexplained. In this study, we
tried to understand the molecular mechanism of adaptation to salt-deficient condition by the comprehensive cloning
of genes responsive to salt-deficiency in the water flea, Daphnia magna. The salt-deficient conditions were
prepared by the serial dilution of COMBO medium (0, 3.125, 6.25, 12.5, 25, 50% of concentration), and the
salt-deficient effects on daphnids were observed. According to the observation, then genes responsive to
hyposaline condition, that was 10% of salt concentration of COMBO medium, were cloned comprehensively by
suppressive subtractive hybridization method. The cloned genes were sequenced and their function were
predicted by homology search.

All daphnids in 0% of medium salt (H,O) dead in 6 hours after the exposure, and 20% dead in 3.125%
medium in 36 hours. On the other hand, under the conditions with above 6.25% of medium concentration all
daphnids could survive for 36 hours. According to these results, salt-deficient condition was set as 10%
concentration of the COMBO medium for cloning suppressive subtractive hybridization experiment. By the
functional prediction of sequenced 127 genes, major functional categories were ‘ion binding and transport’,
‘transport’, ‘stress response’, ‘signal transduction’, ‘transcription’, ‘protein production’ and ‘energy production’.
Above all, “ion binding and transport’ and ‘transport’ categories directly related to the salt-deficient stress.  Genes
involved in these categories may play important roles in the adaptation to the salt-deficient condition.  Especially,
some genes related to calcium ion accumulation and transport were cloned, indicating the importance of the
response to the decrease in calcium in the adaptation to salt-deficiency in the daphnid.
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