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Arsenic (þ3 oxidation state) methyltransferase (AS3MT) catalyzes the methylation of inorganic arsenic
(iAs) and plays important role in the detoxication of this metalloid. There are fourteen cysteine residues
in the human AS3MT (hAS3MT), among which twelve are absolutely conserved; Cys334 and Cys360 are
unique; Cys368 and Cys369 are identiﬁed as a CysCys pair. The roles of several conserved cysteine
residues in rat AS3MT and hAS3MT have been reported. Herein, the other conserved cysteine residues
(Cys72, Cys271, Cys375) and the unique ones (Cys334, Cys360) were systematically replaced by serine
using site-directed mutagenesis to study their functions. The mutants were investigated for enzymatic
activity, kinetics, thermal stability and secondary structures. Present results indicate that C72S is
completely inactive in methylation of iAs and has distinct changes in the secondary structures; Cys72
might form a critical intramolecular disulﬁde bond with Cys250; Cys271 and Cys375 do not affect the
activity and structure of the hAS3MT. However, the mutations of Cys334 and Cys360 can decrease the
enzymatic turnovers and change the conformation of the hAS3MT. The kinetic data show that Cys271,
Cys334, Cys360 and Cys375 are not involved in the SAM binding. Additionally, all these cysteine residues
except Cys375 affect the thermotropic properties of the hAS3MT.
Ó 2010 Elsevier Masson SAS. All rights reserved.
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1. Introduction
The arsenic (þ3 oxidation state) methyltransferase (AS3MT) has
been known well for its important roles in the metabolism of
inorganic arsenic (iAs) in many species [1e4]. Large inter-individual
variation in arsenic metabolism was observed [5e7], which may be
due to the genetic polymorphisms of the enzymes participating in
this process. AS3MT catalyzes the transfer of a methyl group from
the donor S-adenosyl-L-methionine (SAM) to arsenic (þ3)
substrate, producing methylated arsenicals. This process might
inactivate biologically active and toxic arsenicals. During the reaction, AS3MT requires a reductant for its catalytic activity, such as

Abbreviations: iAs, inorganic arsenic; MMA, monomethylated arsenicals; DMA,
dimethylated arsenicals; AS3MT, arsenic (þ3 oxidation state) methyltransferase;
BSA, bovine serum albumin; Isopropyl, b-d-thiogalactopyranoside (IPTG); SAM,
S-adenosylmethionine; GSH, glutathione; CD, circular dichroism; ATR-FTIR, attenuated total reﬂection fourier transform infrared; WT, wild-type; HPLCeICPeMS,
high performance liquid chromatographyeinductively coupled plasma-mass spectrometry; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
* Corresponding author. Tel.: þ86 25 83686082; fax: þ86 25 83317761.
E-mail address: wangzl@nju.edu.cn (Z. Wang).
0300-9084/$ e see front matter Ó 2010 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.biochi.2010.10.010

glutathione (GSH) [8]. At present, the mechanism of the AS3MT has
been summarized into two different reaction schemes. One is
described as a metabolic pathway incorporating oxidative methylation and the cycling reduction of pentavalent arsenicals to
trivalent states [9e11]. Another has been reported by Hayakawa
et al. [12] as successive methylation without oxidation in the
presence of glutathione (GSH).
Previous studies implicated cysteine (Cys) residues in enzymatic
functions, such as the maintenance of enzyme structure and the
regulation of enzyme activity. Yeates et al. reported that Cys
residues played critical roles in the structural stabilization of
intracellular proteins in thermophiles by forming disulﬁde bond
[13]. In bacteria, Cys residues were found to be involved in the
reduction reaction of arsenate to arsenite [14]. Cys157 and Cys207
were proved to be the active sites of the recombinant mouse
AS3MT [15]. Our previous data also indicated that the replacement
of Cys156, Cys206 and Cys250 with serine completely abolished
enzymatic activity of the hAS3MT. Cys156 and Cys206 were the
active sites of the hAS3MT. Cys250 might be essential for the
maintenance of the hAS3MT stability by forming an intramolecular
disulﬁde bond with another Cys residue. Nevertheless, Cys226 did
not affect the activity and structure of the enzyme [16]. In addition,
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Thomas et al have reported the roles of some conserved Cys residues (32, 61, 85, and 156) in the N-terminal region of the
recombinant rat AS3MT. The mutation of Cys156 completely inactivated the enzyme [1]. In the C-terminal portion of the AS3MT,
common to rat, mouse, and human, there are another seven
conserved Cys residues, including a CysCys pair. The human
enzyme also has unique Cys residues at 334 and 360. However, the
roles of these Cys residues have not been studied.
In order to understand the roles of all the Cys residues in the
hAS3MT, we used site-directed mutagenesis to substitute the
remaining Cys residues with serine to investigate the properties of
the mutants. The mutated enzymes were characterized with
respect to their activity, kinetics towards arsenite (iAs3þ) and SAM.
The secondary structures of the mutants were monitored by
circular dichroism (CD) and attenuated total reﬂection fourier
transform infrared (ATR-FTIR). Furthermore, the thermostability of
the WT hAS3MT and mutated enzymes was also studied. The roles
of each Cys residue were systematically documented.
2. Materials and methods
Caution: Inorganic arsenic [17] is recognized as human
carcinogen. It should be used accordingly.
2.1. Materials
Unless otherwise noted, all reagents are analytical grade or
better. Arsenicals were bought from J&K Chemical Ltd. Restriction
enzymes, dNTPs and PrimeSTAR HS DNA Polymerase were from
Takara. The wild-type (WT) hAS3MT expression plasmid (pET-32ahAS3MT) was available from an earlier study [18]. Expression host
(Escherichia coli BL21 (DE3) pLysS) was got from Novagen. Bovine
serum albumin (BSA), S-adenosyl-L-methionine (SAM), isopropyl bD-thiogalactopyranoside (IPTG), and glutathione (GSH) were all
bought from Sigma. All solutions were prepared with Milli-Q
deionized water. The phosphate buffered solution (PBS) was
prepared from Na2HPO4 and NaH2PO4.
Stock solutions containing each of the following species
(1000 mg As/L) were prepared in Milli-Q deionized water: arsenite
and arsenate prepared from NaAsO2 (iAs3þ) and Na2HAsO4$7H2O
(iAs5þ), respectively; methylarsonate prepared from disodium
methylarsonate (MMA); dimethylarsinate prepared from dimethylarsinic acid (DMA) (J&K Chemical Ltd.). All the stock solutions
were stored at 4  C in the dark. Working solutions of standards
were prepared fresh daily from the stock solutions.
2.2. Site-directed mutagenesis and protein expression
Site-directed mutagenesis of the hAS3MT was performed
directly on the cDNA encoding for the hAS3MT in the plasmid pET32a-hAS3MT [16,18]. Substitutions of Cys72, Cys271, Cys334, Cys360
and Cys375 of the hAS3MT for serine were carried out using the PCR
megaprimer or PCR overlap extension method with pET-32ahAS3MT as the DNA template. E. coli BL21 (DE3) pLysS was used for
protein production. The primers used for mutagenesis are listed in
Table 1, with the mutated codons bold and underlined. The oligonucleotide primers, each complementary to opposite strands of the
hAS3MT gene sequence, were extended during temperature cycling
(30 cycles of PCR consisting of incubation for 10 s at 95  C, 15 s at
56  C, and 1 min at 72  C) and ﬁnal extension (7 min at 72  C) by
using PrimeSTAR HS DNA Polymerase. PCR products were doubledigested using EcoRV and Sall restriction endonucleases, and cloned
into the prepared EcoRV/Sall-digested pET-32a-hAS3MT expression
vector. DNA sequencing of the hAS3MT mutants was carried out by
using the double-stranded dideoxy method to ensure that no errors

Table 1
Primers used for site-directed mutagenesis.

C72S
C271S
C334S
C360S
C375S
Universal

Primer

Sequence

e
þ
e
þ
þ
e
þ
e

50 -CCAGCTGTTTTCTAGATGCTC-30
50 -GACAGGACCAACCAAGAGAAGC-30
50 -GTAAATAACTTGGCTTCTCTTGG-30
50 -CATCTGGAGGCAGCTCTGCTTTG-30
50 -CAGTATGAAGTCCAGATGAGCCCC-30
50 -GTCGACTTAGTGATGGTGATGGTGATGGCTGC-30
50 -CGGGATATCATGGCTGCACTTCGTGAC-30
50 -CGGGTCGACTTAGTGATGGTGATG-30

Bold letters indicate the mutation sites introduced by PCR-based mutagenesis.
(þ) sense strand; () antisense strand.

had been introduced during the ampliﬁcation process [19]. For
expression, the vectors carrying the mutant hAS3MT genes were
transformed into E. coli BL21 (DE3) pLysS. Single colonies selected on
standard ampicillin-containing agar plates were picked. Protein
expression and puriﬁcation followed the protocols described
previously [16,18]. Differently, to obtain substantial soluble protein
of C72S, lower temperature (20  C), lower concentration of IPTG
(0.3 mM) and long induction time (overnight) were needed. The
puriﬁed proteins were identiﬁed by SDS-PAGE. Then the protein
solution was dialyzed four times against PBS (25 mM, pH 7.0) at 4  C.
Protein concentration was determined by the method of Bradford
[20] based on a BSA standard curve.
2.3. Steady-state enzyme activity assays and kinetic measurements
The steadyestate activity of the WT hAS3MT and the mutants
was determined by HPLC-ICP-MS in the standard assay system
(100 ml) containing 11 mg enzyme, 7 mM GSH, 1 mM iAs3þ and 1 mM
SAM in PBS (25 mM, pH 7.0) [16,18,21,22]. For the kinetics, various
concentrations of iAs3þ (0.5e500 mM) and SAM (0.05e2 mM) were
used. The enzyme incubations were carried out at 37  C for times
indicated in the ﬁgures. Then the samples were treated with H2O2 at
a ﬁnal concentration of 3% to convert all arsenic metabolites to
pentavalency [12]. The H2O2-treated samples were boiled for 5 min
and centrifugated at 12000 rpm for 10 min to remove the denatured
protein. After being ﬁltered though a 0.22 mm pore membrane, 20 ml
aliquots of samples were analyzed by HPLC-ICP-MS (PRP X-100
250 mm  4.6 mm i.d., 5 mm, Hamilton/Elan9000) with a ﬂow rate of
1.2 ml/min at room temperature. The pH of the mobile phase (15 mM
(NH4)2HPO4) was adjusted to 6.0 with H3PO4. The amounts of
arsenic species were calculated with the working curves prepared
using 5, 10, 20, 40, 80 and 160 ppb of standard arsenic species.
Methylation rates were calculated as mole equivalents of methyl
groups transferred from SAM to iAs3þ (i.e., 1 pmol CH3 per 1 pmol
MMA or 2 pmol CH3 per 1 pmol DMA) [23]. The rate of methylation
ﬁt to the noncompetitive substrate inhibition [24] Eq. (1):



V ¼ ½S*Vmax= KM þ ½S þ ½S2 =KI :

(1)

Here, V is the initial velocity of the reaction (pmolCH3transferred/h/mg
protein); [S], the substrate (iAs3þ) concentration (mM); Vmax, the
maximal velocity of the reaction (pmolCH3transferred/h/mg protein);
KM, the Michaelis constant for iAs3þ (mM); KI, the inhibition constant
for iAs3þ (mM) [25].
2.4. Circular dichroism measurements and secondary structure
analysis
CD (190e260 nm) spectra were recorded on a JASCO-J810
Spectropolarimeter (Jasco Co., Japan) in a cell with 1 mm light
length at room temperature. The scanning rate was set at 50 nm/
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min and the spectra were the average of four readings of a very
dilute enzyme solutions (4 mM). Baseline correction was automatically carried out with the PBS (25 mM, pH 7.0) spectrum during the
complete collection time. The secondary structure parameters of
the mutants were computed by using Jwsse32 software with
reference of CD-Yang. Jwr [26].
2.5. ATR-FTIR spectroscopy and secondary structure analysis
ATR-FTIR spectra were measured with an infrared spectrometer
(Bruker, IFS 66/s) equipped with a deuterated triglyceride sulphate
(DTGS) detector and an ATR device at room temperature. The
employed protein concentration was 1.0  104 M in PBS (25 mM,
pH 7.0). An open background spectrum was recorded previously and
then the protein solution was spread on the ZnSe wafer. Spectrum
was collected at a resolution of 4 cm1. The water vapor and CO2
correction was automatically carried out during data collection.
Protein spectrum was obtained by subtracting the spectrum of PBS
(25 mM, pH 7.0). Baseline correction and curve-ﬁtting processes
were performed in amide Iband (1600e1700 cm1) by origin
software (version 7.0) to get the best Gaussian-shaped curves that ﬁt
the original protein spectrum. Secondary derivative was applied to
estimate the position and strength of the component bands.
Assignment and integration of each component band gave the
relative contents of different types of secondary structures.

371

3. Results and discussion
3.1. Catalytic activity and kinetics of the hAS3MT mutants
In an effort to assess whether the mutation of individual Cys
residue affects the overall methylation capacity of hAS3MT, we
carried out a comprehensive investigation of the activity and
kinetic properties of the mutants. The amounts of each arsenical
were calculated from the working curves with the Chromera software as described previously[16,18]. Among these mutants, C72S
completely abolished enzymatic activity. The activity of C334S and
C360S decreased. However, no signiﬁcant changes were observed
in the activity of C271S and C375S (Fig. 1). These results indicate
that Cys72 plays important roles in enzyme function. Cys334 and
Cys360 are also important for hAS3MT. In contrast, Cys271 and
Cys375 are not concerned with catalysis directly.
The kinetics of the active hAS3MT mutants was investigated
towards a wide iAs3þ and SAM concentration range. Substrate
inhibition of rate by iAs3þ was observed for all the active mutants in
the concentration range studied (Fig. 2A). The kinetic constants of
the active mutants estimated by ﬁtting the Eq. (1) are shown in

2.6. Thermotropic properties of the activity and structure of hAS3MT
The thermotropic properties of the WT hAS3MT and the Cys/Ser
mutants were characterized at 45  C. The assay mixtures (400 ml)
containing 44 mg enzyme, 1 mM iAs3þ, 1 mM SAM, 7 mM GSH in PBS
(25 mM, pH 7.0) were incubated at 45  C. Aliquots (100 ml) were
removed at various times and were treated with H2O2 before
analyzed by HPLC-ICP-MS. All measured activities were normalized
as percentage of control activity (37  C). In addition, the secondary
structures of the hAS3MT and the mutants were monitored by CD
spectroscopy at different temperatures (0, 25, 37 and 45  C). Before
measurement, the protein solutions were incubated for 20 min at
each temperature. For 37  C and 45  C, the secondary structures of
the enzymes were also detected at different times corresponding to
the activity assays.

Fig. 1. Catalytic activity of the hAS3MT mutants. Reaction mixtures (100 ml) containing
11 mg enzyme, 1 mM iAs3þ, 1 mM SAM, 7 mM GSH in PBS (25 mM, pH 7.0) were cultured
at 37  C for 1.5 h with H2O2 treatment before analyzed by HPLCeICPeMS. Values are
the means  S.D. of three independent experiments.

Fig. 2. (A) Dependence of the enzymatic activity of WT [16] and mutant hAS3MT on
the concentration of iAs3þ. The lines show the least squares ﬁt of Eq. (1) to the data.
(B) Double reciprocal plots of the relation between the concentration of iAs3þ and the
rate. Reaction mixtures (100 ml) containing 11 mg enzyme, 1 mM SAM, 7 mM GSH in
PBS (25 mM, pH 7.0) were incubated with the concentrations of iAs3þ indicated for
1.5 h with H2O2 treatment before analyzed. The data for the WT hAS3MT are on the top
and right axes. Values are the means  S.D. of three independent experiments.
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Table 2
Kinetic parameters for iAs3þ methylation by the WT hAS3MT [16] and mutants.

WT
C271S
C334S
C360S
C375S

KM
(mM)a

KI
(mM)a

Vmax
(pmol/h/mg)a

KM
(mM)b

Vmax
(pmol/h/mg)b

KM
(mM)c

3.20
1.88
1.60
2.32
1.85

0.70
0.70
0.78
0.67
0.82

21170
16376
8877
10657
17979

3.19
1.98
1.31
2.02
1.59

19836
15743
8849
9336
16691

47.8
51.2
50.3
49.5
49.0

a
Represents the kinetic parameters of iAs3þ estimated from the data in Fig. 2A by
Eq. (1) using orign 8.0.
b
Represents the kinetic parameters of iAs3þ calculated from the data in Fig. 2B.
c
Represents the KM of SAM.

Table 2. Double reciprocal plots were also employed to calculate the
kinetic parameters (Fig. 2B). As shown in Table 2, these two
methods give the consistent results. The KI values for all the active
mutants are similar to that for the WT hAS3MT while the values of
KM decrease. The Vmax values of C271S and C375S are similar to that
of the WT hAS3MT. However, the Vmax values of C334S and C360S
decrease (WT hAS3MT: KM, 3.2 mM; KI, 0.7 mM; Vmax, 19836 pmol/
h/mg [16]). These kinetic data further illuminate that Cys271 and
Cys375 do not inﬂuence the activity of the hAS3MT while Cys334
and Cys360 might play potential roles in the enzyme function.

Fig. 4. CD spectra of the WT hAS3MT and the mutants. Spectra were taken at protein
concentration of 4 mM at room temperature. Plot is the representative of four independent measurements.

The relationship between the SAM concentration ([SAM]) and
the methylation rate is shown in Fig. 3A. With [SAM] increasing, the
methylation rate increased. However, inhibition was also observed
for all the active mutants at higher SAM concentrations. The KM
values of SAM calculated from the double reciprocal plots (Fig. 3B)
are also shown in Table 2. For all the active mutants, the KM values
of SAM are similar to that of the WT hAS3MT (WT: 47.8 mM [16]).
These data reveal that Cys271, Cys334, Cys360 and Cys375 are not
involved in the SAM binding.
3.2. Secondary structures of the mutants determined
by circular dichroism and ATR-FTIR
Cys residues are usually conserved and play important role in the
structure and function of proteins [27,28]. The mutation of Cys250
absolutely ruined the structure of the hAS3MT, resulting in the loss
of the enzymatic activity. Thus, Cys250 was speculated to form
a disulﬁde bond with another Cys residue [16]. To ﬁnd the potential
Cys residue bonding with Cys250 and to see the structural roles of
the Cys residues, we monitored the conformation of the mutants by
CD and ATR-FTIR spectroscopy. As shown in Fig. 4, the CD spectra of
C271S and C375S are similar, and resemble that of the WT hAS3MT.
C334S exhibits a similar spectrum with C360S but is different from

Table 3
Secondary structures of the WT [16] and mutant hAS3MT estimated from CD spectra
(A), FTIR spectra (B).

a%

Fig. 3. (A) Dependence of the enzymatic activity of WT [16] and mutant hAS3MT on
the concentration of SAM. The data for the WT hAS3MT are on the top and right axes.
(B) Double reciprocal plots of the relation between the concentration of SAM and the
rate. Reaction mixtures (100 ml) containing 11 mg enzyme, 1 mM iAs3þ, 7 mM GSH in
PBS (25 mM, pH 7.0) were incubated with the concentrations of SAM indicated for 1.5 h
with H2O2 treatment before analyzed. Values are the means  S.D. of three independent experiments.

b%

Turn%

A
WT
C72S
C271S
C334S
C360S
C375S

29.0
45.3
28.9
33.9
34.0
28.5








2.2
2.3
1.3
1.9
2.4
1.1

23.9
0
27.6
19.8
18.8
24.6

 1.9





B
WT
C72S
C271S
C334S
C360S
C375S

26.6
41.3
29.9
33.0
32.5
28.1








3.6
2.3
0.7
3.4
1.3
1.4

20.7
4.40
24.0
19.5
21.0
25.2








Random%

2.0
0.9
1.3
2.6

17.9
28.9
17.3
19.1
20.4
17.6








1.7
1.5
1.1
1.7
1.9
1.5

29.2
25.8
26.2
27.2
26.7
29.3








1.4
1.9
2.6
1.8
2.3
1.4

4.6
0.4
2.4
1.2
1.7
1.9

24.2
30.4
21.2
21.5
24.8
21.9








3.2
3.3
1.8
2.6
2.7
2.0

28.5
23.9
24.9
26.0
21.7
24.8








4.9
1.7
1.6
0.9
0.8
1.5
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Fig. 5. Curve-ﬁtted amide I region of the mutants. The component peaks are the result of curve-ﬁtting using a Gaussian shape. The solid lines represent the experimental FTIR
spectra after SavitzkyeGolay smoothing; the dashed lines represent the ﬁtted components. Plot is the representative of three independent measurements.

the WT hAS3MT. For the CD spectra of C334S and C360S, the
intensity of the 208 nm peak decreases while the intensity of the
220 nm peak increases as compared with that of the WT hAS3MT.
However, distinctly different changes are detected in the spectrum
of C72S, the peak at 208 nm almost disappears and the intensity of
the whole spectrum dramatically decreases. The secondary structures from the CD spectra were computed by Jwsse32 software with
reference of CD-Yang. Jwr (Table 3A) [26]. The WT hAS3MT was
estimated to have 29.0% a-helix, 23.9% b-pleated sheet, 17.9% b-turn,
and 29.2% random coil [18]. The secondary structures of C271S and
C375S are almost the same with that of the WT hAS3MT. The
contents of a-helix in C334S and C360S have a respective increase of
16.9% and 17.2%, while the contents of b-pleated sheet decrease by
17.2% and 21.3%, respectively. Surprisingly, there is no b-pleated
sheet reserved in the C72S, and the contents of a-helix and b-turn
increase by 56.2% and 61.0%, respectively.
The amide I band (about 1600e1700 cm1) in the FTIR spectrum
mainly attributes to the C¼O stretching vibrations of the amide
groups, and is sensitive to the secondary structures of proteins,
enzymes and polypeptides [29e31]. In order to further conﬁrm the
structures of the mutants, we analyzed the amide I band of their

FTIR spectra. Fig. 5 shows the original and curve-ﬁtting FTIR spectra
of the mutants. There are six component bands in the amide I band
of the mutants except C72S. Obviously, the FTIR spectra of C271S
and C334S are similar with that of C375S and C360S, respectively.
Nevertheless, the spectrum of C72S is very different and only has
ﬁve component bands. According to the well-established assignment criterion (1610e1640 cm1 to b-pleated sheet,
1640e1650 cm1 to random coil, 1650e1658 cm1 to a-helix, and
1660e1700 cm1 to b-turn) [32], the contents of each secondary
structure of the mutants were obtained from the integrated areas of
the component bands (Table 3B). For C72S, the band at 1659 cm1
was empirically assigned to the a-helix [33], and this is similar to
C250S [16]. It can be seen that the secondary structures of the
mutants estimated from the FTIR and CD spectra are in close
agreement with each other.
We have reported that there was only 2.3% b-pleated sheet in
C250S and a-helix increased to 43.7%. Summarizing these results,
we can see that the shape of the CD spectra and the secondary
structures of C250S and C72S are similar to each other. In addition,
both mutants are inactive in the methylation of iAs3þ, and both
need lower temperature, lower concentration of IPTG, but long
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induction time to get substantial soluble forms. Then we can
surmise that Cys250 may form an intramolecular disulﬁde bond
with Cys72, and this bond plays a very important role in supporting
the hAS3MT structure. Cys334 and Cys360 might form hydrogen
bonds with other residues and/or solvent water, or disulﬁde bond
with each other. However, these bonds might not be essential to the
structure maintenance. In contrast, Cys271 and Cys375 do not affect
the hAS3MT structure.

b-pleated sheet decreased for the WT and all the mutants. These
results further indicate that Cys375 does not affect the thermotropic properties of the hAS3MT. Nevertheless, the mutation of the
other Cys residues might alter the interactions of amino acids
surrounding, resulting in the difference in the thermotropic properties of the mutants. The data may also indicate that the enzymatic
activity is directly related to the b-pleated sheet in the hAS3MT.
These ﬁndings are similar to our results from the spectroscopy and
the kinetics.

3.3. Thermotropic properties of WT hAS3MT and the mutants
4. Conclusions
Site-directed mutagenesis is usually used to separate the local
interaction of individual residue that plays important roles in the
global structure of proteins. Mutational replacement of residues
often leads to temperature-sensitive mutants, and the study of the
thermotropic properties of these mutants generally provides
considerable information [34,35]. Thus, we designed an assay to
examine the thermotropic properties of the mutants to further
determine the roles of the Cys residues in hAS3MT. C271S and
C226S were less thermally stable than the native form during all
the incubation time (Fig. 6). C334S was more thermally stable than
the WT hAS3MT within 30 min incubation and then rapidly lost its
activity. Particularly, C360S was a little more stable than the native
form. However, the activity of C375S was similar with that of the
WT hAS3MT during heat treatment.
Considering the relationship between the structure and activity
of enzymes, we also analyzed the structure of these active mutants
at 0, 25, 37 and 45  C, respectively. With temperature increasing,
a-helix almost had no changes in C271S and C226S, while b-pleated
sheet decreased. For C375S, both a-helix and b-pleated sheet had
a little increase while b-turn and random coil decreased. This
pattern is similar with that of the WT hAS3MT. The a-helix in C360S
ﬁrst decreased and then increased as temperature increased,
contrarily, the b-pleated sheet ﬁrst increased and then decreased.
However, the a-helix in C334S decreased and b-pleated sheet
increased with temperature increasing. The changes in structures
correspond with the changes in activities of the mutants. The
secondary structures of the WT hAS3MT and the mutants almost
did not change at 37  C with various incubation times. However, for
the incubation at 45  C, the a-helix had a little increase while the

Fig. 6. Thermotropic properties of the WT hAS3MT and the mutants. Reaction
mixtures (400 ml) containing 44 mg enzyme, 1 mM iAs3þ, 1 mM SAM, 7 mM GSH in PBS
(25 mM, pH 7.0) were incubated at 45  C while control samples were kept at 37  C.
Aliquots were removed at various times for analysis to determine the enzyme activity.
All measured activities were normalized as a percentage of control activity. Values are
the means  S.D. of three independent experiments.

In summary, our systematic study has revealed the roles of the
Cys residues in hAS3MT. Cys72 might form an intramolecular
disulﬁde bond with Cys250, which is essential in maintaining the
hAS3MT structure; Cys271 and Cys375 do not affect the activity and
structure of the enzyme; Cys334 and Cys360 have some effects on
the function of the hAS3MT, the mutation of these two residues
decreased the enzymatic turnovers. Based on all of the previous
works, we can conclude that Cys72, Cys250, Cys156 and Cys206 are
critical functional residues in the hAS3MT; Cys32, Cys61, Cys85,
Cys226, Cys375 and Cys271 are not concerned with the enzyme
functions; to some extent, Cys334 and Cys360 can affect the activity
and structure of the hAS3MT.
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