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Summary

A labile selenium donor compound, selenophosphate, is synthesized from selenide and ATP by selenophosphate
synthetase (SPS). Selenophosphate is required by several bacteria and by mammals for the specific incorporation of
selenium into selenoproteins and modified seleno-tRNAs. Although free selenide can be used in vitro for synthesis of
selenophosphate, the physiological selenium substrate has not been identified. To identify the selenite-reducing sys-
tem in E. coli, we constructed a gor mutant strain and a ¢rxB mutant strain of E. coli MC4100. Active FDHpu can be
detected by monitoring benzyl viologen reduction. In the cells growing under fermentative condition on low-salt-
medium in the absence formate at pH 7.5, the activity of FDHp was optimum. The wild-type strain MC4100 and the
gor mutant strain were able to produce an active FDHy, but the #rxB mutant strain failed to show FDHy activity.
When A selD mutant strains were complemented by human lung Sps2Cys, the ¢rxB mutant strain couldn’t gener-
ate active FDHp. We suggest that reduction of selenite in vivo is not dependent upon the glutathione-reducing sys-

tem, but instead on the thioredoxin-reducing system.
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Fig. 1 Generation of E. coli gor and ¢rxB mutant Strains. PCR of gor and ¢rxB genes from E.
coli genomic DNA. Lane M, 1 kb markers; lane 1 and 6, genomic DNA from MC4100
and WL400; lane 2 and 7, gor gene from MC4100 and WL400; lane 3 and 8, gor::tet gene
from MC4100 (A gor) and WL400 (A gor); lane 4 and 9, érxB gene from MC4100 and
WL400; lane 5 and 10, trxB::kan gene from MC4100 (A ¢trxB) and WL400 (A trxB).
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Table 1 Effects of glucose on FDHy activity in E. coli Table 2 Effects of glucose on FDHy activity in E. coli
MC4100 grown under anaerobic condition at MC4100 grown under anaerobic condition at
30T or 37T in Stadtman medium 30C or 37T in peptone medium

Growth condition FDHy activity Growth condition FDHy activity
(umol/min/mg protein) pH 75 (umol/min/mg protein)

30C 0.102 £ 0.014 30C ND

30T (+ 0.5 % glucose) 0.062 + 0.003 30T (+ 0.2 % glucose) 0.110 * 0.011

37C 0.049 = 0.004 37C ND

37T (+ 05 % glucose) 0.059 = 0.007 37T (+ 0.2 % glucose) 0.095 = 0.014
Stadtman medium containing 1.6 % peptone, 1.0 % yeast Peptone medium containing 2 % peptone, 0.5 % NaCl, 30
extract, 0.1 % NaCl, 10 uM Na;MoOs, 1 uM sodium selenite mM sodium formate, 10 uM Na;MoO,, 1 uM sodium selenite
and 0.1 M potassium phosphate (pH 6.5). and 0.1 M potassium phosphate (pH 7.5).

ND, not determind.



Table 3 Effects of formate on FDHy activity in E. coli
MC4100 grown under anaerobic condition at
30C or 37C in Stadtman medium

Growth condition FDHy activity
pH75 (umol/min/mg protein)

30C 0.060 = 0.005

30C (+ 30 mM formate) 0.055 = 0.007

37C 0.046 = 0.005

37T (+ 30 mM formate) 0.034 = 0.003

Modified Stadtman medium containing 1.6 % peptone, 1.0 %
yeast extract, 0.1 % NaCl, 10 pM NasMoO,, 1 uM sodium
selenite, 30 mM sodium formate and 0.1 M potassium
phosphate (pH 7.5).
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Fig. 2 The growth curve of E.coli MC4100 wild-type, gor and ¢rxB
mutants. The cells were grown in Stadtman medium containing
1.6 % peptone, 1.0 % yeast extract, 0.1 % NaCl, 10 uM NazMoOQy,
1 uM sodium selenite at 30 C under anaerobic condition.
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Table 4 Effect of growth time on FDHy activity
in E. coli wild-type MC4100

Time (h) 0.D. 600 FDHy activity
(umol/min/mg protein)
3 0.214 0.021
6 0.483 0.066
12 0.534 0.095
14 0.560 0.098
16 0511 0.085
18 0.592 0.101
20 0.597 0.114

The cells were grown in Stadtman medium containing 1.6 %
peptone, 1.0 % yeast extract, 0.1 % NaCl, 10 uM Na:MoO,, 1 uM
sodium selenite at 30C under anaerobic condition.
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Table 5 Effect of gor and #rxB mutation on FDHy activity

Strains FDHy activity
(umol/min/mg protein)

MC4100 (wild-type) 0.113 = 0.011
MC4100 (A gor) 0.094 = 0.009
MC4100 (A trxB) 0.008 = 0
WL400 (A selD) < 0.000
WL400 / Sps2Cys 0.097 = 0.014
WL400 (A gor) / Sps2Cys 0.084 = 0.008
WL400 (A trxB) / Sps2Cys 0.006 = 0

The cells were grown in Stadtman medium containing 1.6 %
peptone, 1.0 % yeast extract , 0.1 % NaCl, 10 uM Na:MoO,, 1 uM
sodium selenite at 30C under anaerobic condition.
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