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Dihydrolipoamide dehydrogenase (E3) (dihydrolipoamide: 
NAD+ oxidoreductase; EC 1.8.1.4) along with glutathione 
reductase (GR), thioredoxin reductase (TR), mercuric 
reductase and trypanothione reductase, belongs to the 
pyridine nucleotide-disulfide oxidoreductase family.1 The 
catalytic mechanisms of pyridine nucleotide-disulfide oxido- 
reductases are similar and the active disulfide center plays a 
critical role in the catalyses of these enzymes. The Cys-45 of 
human E3 was suggested as one of two Cys residues which 
formed the active disulfide center of the enzyme.2 Site- 
directed mutagenesis method has been a useful tool for the 
structure-function study of human E3 and other proteins.3-5

The following three questions have been investigated by 
site-directed mutations of the Cys-45 residue in human E3 to 
Ser and Tyr. First, how much is the activity of human E3

Table 1. Primers for the site-directed mutagenesis. The mismatched 
bases are underlined. Primer A and Primer D are sense and anti
sense oligomers, respectively, which can be used to amplify the 
whole E3 gene sequence. Primer B is an anti-sense oligomer with a 
point mutation. Primer C is the corresponding sense oligomer of 
the primer B

Mutations
/Primers Primer Sequences

Cys-45 t Ser mutation
A 5'-TTACGATATCCCAACGACCG-3'
B 5'-GAAACACTTGGTGGAACATCCTTGAATGTTGG-

TTGTATT-3'
C 5'-AATACAACCAACATTCAAGGATGTTCCACCAA-

GTGTTTC-3'
D 5'-GCCAAAACAAGCCAAGCTTGG-3'

Cys-45 t Tyr mutation
A 5'-TTACGATATCCCAACGACCG-3'
B 5'-GAAACACTTGGTGGAACATACTTGAATGTTGG-

TTGTATT-3'
C 5'-AATACAACCAACATTCAAGTATGTTCCACCAA-

GTGTTTC-3'
D 5'-GCCAAAACAAGCCAAGCTTGG-3'

affected by the mutation in the Cys-45 residue? Second, are 
there any changes in the spectroscopic properties of human 
E3 due to the mutation? Third, is the production of human 
E3 in E. coli affected by the substitution of the Cys-45 
residue with Tyr, a larger amino acid?

Site-directed mutagenesis and the constructions of the Ser- 
45 mutant and Tyr-45 mutant expression vectors were 
performed by common procedures using the appropriate 
primers shown in Table 1. Mutations were confirmed by 
DNA sequencing. The expression and purification of the 
mutants were performed as described elsewhere.6 Purifi
cation steps were followed by SDS-polyacrylamide gel 
electrophoresis (data not shown).7 The gel showed that the 
Ser-45 mutant was highly purified. The purification of the 
Tyr-45 mutant was not successful. The amounts of the 
purified Tyr-45 mutant were too small and the mutant was 
too unstable to study. To examine the correctness of the 
expression vector component of the Tyr-45 mutant expre
ssion vector, human TR cDNA sequence was inserted 
instead of the Tyr-45 mutant sequence. Human TR mutant 
was expressed and purified properly (data not shown), 
indicating that the expression vector component of the Tyr- 
45 mutant expression vector did not have defects. The 
findings suggest that the recombinant human E3 became too 
unstable to be easily obtained from E. coli when the Cys-45 
was mutated to Tyr.

E3 activity of the Ser-45 mutant was determined to be 
about 0.116 unit/mg at saturated substrate concentrations of 
2 mM dihydrolipoamide and 3 mM NAD+ at 37 oC. This 
value was about 5,270-fold lower than that of normal human 
E3 activity determined under the same conditions. Even 
though it was difficult to obtain the detailed kinetic para
meters due to the extremely low activity of the mutant, this 
5,270-fold decrease in E3 activity of the Ser-45 mutant 
clearly indicated that the conservation of the Cys-45 residue 
in human E3 was essential to the efficient catalytic function 
of the enzyme.

To examine any changes in the spectroscopic properties 
of the Ser-45 mutant, UV-visible absorption and fluore-
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Figure 1. UV-visible spectra of the Ser-45 mutant (15.8 //M, solid 
line) and wild-type (12.9 /M, dotted line) human E3s. The spectra 
were recorded using a SPECORD200 spectrophotometer and the 
data from 350 nm to 550 nm were transferred to an ASCII file and 
the spectra were drawn using the MicroCal Origin program.
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Figure 2. Fluorescence spectra of the Ser-45 mutant (15.8 ^M, 
solid line) and wild-type (10.5 口M, dotted line) human E3. 
Enzymes were excited at 296 nm and the emissions were observed 
from 305 nm to 580 nm. The data were transferred to an ASCII file 
and the spectra were drawn using the MicroCal Origin program.

scence spectra were observed. Human E3 contains one FAD 
as a prosthetic group in each subunit. It therefore shows a 
characteristic UV-visible absorption spectrum of flavopro
teins as shown in Figure 1 (dotted line). The overall shape of 
the Ser-45 mutant spectrum (solid line) is very different 
from that of normal human E3 spectrum (dotted line) as 
shown in Figure 1. It was rather similar to that of the known 
spectrum of the reduced form of E3, where one of the 
negatively charged sulfur ions of the active disulfide center 
cysteines was thought to interact with FAD.1 It indicated that 

the substitution of the Cys-45 with Ser destroyed a disulfide 
bond between Cys-45 and Cys-50 of the active disulfide 
center in human E3. Then the free -SH group of the Cys-50 
became deprotonated and the resulting negatively charged 
sulfur ion interacted with FAD, mimicking the reduced form 
of human E3. This result supports the known three-dimen
sional structure of human GR where the corresponding 
residue of the Cys-50 is located more closely to FAD.8

More dramatic changes in the spectroscopic properties of 
the Ser-45 mutant came from the fluorescence study. As 
shown in Figure 2, two fluorescence emissions are observed 
for normal E3 (dotted line). The first emission from 305 nm 
to 400 nm is due to aromatic amino acids, mainly trypto
phans. The second emission from 480 nm to over 550 nm is 
due to FAD. However, the second fluorescence emission of 
the Ser-45 mutant (solid line) totally disappears. This 
absence of the second fluorescence emission is probably due 
to the influence of the negatively charged sulfur ion of the 
Cys-50 interacting with FAD. It can totally quench the 
second fluorescence emission or, perhaps, interferes with the 
fluorescence resonance energy transfer between tryptophan 
residues and FAD of the enzyme. The exact explanation 
could be obtained from the X-ray crystallographic study of 
the Ser-45 mutant.

From these results, the following conclusions can be 
drawn. (1) The conservation of the Cys-45 residue is essen
tial to the efficient catalytic function of human E3. (2) The 
UV-visible spectrum of the Ser-45 mutant is similar to that 
of the reduced form of the enzyme and the second fluore
scence emission of the mutant disappears. (3) The mutation 
of the Cys-45 to Tyr in human E3 makes the enzyme too 
unstable to be easily obtained from E. coli.
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