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Cloning and Expression of Human Liver Rhodanese cDNA
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to examine the function of this protein in human cells.
cDNA for the human rhodanese (thiosulfate; cyanide In this paper we report the cloning of the human rho-

sulfurtransferase, EC 2.8.1.1) was cloned from a human danese cDNA and predicted amino acid sequences, and
fetal liver cDNA library. Sequencing of the cDNA re- expression of the cDNA in E.coli and in mammalian
vealed an open reading frame that encodes a 297-resi- cells. The result revealed that the cDNA reported pre-due polypeptide with a calculated mass of 33427 dal- viously turned out not to be that of rhodanese but thattons. When the rhodanese cDNA was transientlly ex-

of 3 *-mercaptopyruvate sulfur transferase, a cousin ofpressed in Escherichia coli and Cos7 cells, the
rhodanese, thus the cDNA clone presently describedrhodanese activity increased 40-fold and 150-fold, re-
being the first ever reported for the primary structurespectively. Sequence homology analysis showed that
of human rhodanese.the human rhodanese is 89.6% identical to bovine,

90.2% identical to rat, 91.2% identical to mouse and
MATERIALS AND METHODSChinese hamster, and 71.4% similar to avian counter-

parts, respectively, and that rhodanese was highly
Monoclonal antibody to rhodanese. Bovine liver rhodaneseconserved across evolution. q 1997 Academic Press

(TypeII SIGMA, St. Louis, MO) was emulsfied in Hunter’s TiterMax
(CytRx Corporation). The emulsion was injected subcutaneously into
Balb/c mice. The mice were boosted twice with the same antigen.
Tha last boost was given four days before sacrifice. Spleen cells from
the immunized mice were fused to P3/NS1/1-Ag4-1 myelomas usingRhodanese (EC 2.8.1.1), a thiosulfate; cyanide sulfur-
polyethylene glycol 1500 and hybridomas were selected in HAT me-transferase, is a mitochondrial enzyme that is widely dium. Hybridoma culture supernatants (SicRhoys) were screened by

distributed in nature (1, 2, 3). Rhodanese has been pro- ELISA.
posed to play a role in cyanide detoxification and the Screening and isolation of a cDNA clone of human rhodanese. We
formation of iron-sulfur proteins and the modification used to screen transfomants a human fetal liver cDNA library con-
of sulfur-containing enzymes (4, 5, 6). Bovine rho- structed in phage lambda gt11 purchased from Clontech (Paolo Alto,

CA, U.S.A.). Approximately 1x106 plaques were screened using mono-danese was isolated and crystallized, and its reaction
clonal antibodies (SicRhoys) raised against the bovine rhodanesemechanism has been clarified in vitro (7). But the bio-
TypeII. One of the antibodies recognized human rhodanese. Twological functions of this enzyme in vivo are yet to be positive plaques were picked up and purified by three rounds of

understood. purification steps. cDNA fragments excised from the phages with
EcoRI were inserted in pBluescriptII SK-(STRATAGENE Inc. LaRhodanese cDNA was isolated from cow (8), rat (9),
Jalla, CA) and named pRho1.1.human (10, 11), chinese hamster (12), and mouse (13).

DNA manipulations. Plasmid DNA isolation, restriction endonu-Although human cDNA clone was reported(10, 11), full
clease analyses, ligations, and gel electrophoresis were performedsequence and the enzymatic activity of the protein en-
according to the standard techniques essentially as described by Ma-coded by the clone have never been presented. Thus
niatis et al (14).

we have cloned the human rhodanese cDNA in order
Nucleotide sequencing of rhodanese cDNA. The cloned plasmids

were further subjected to deletional subcloning. Those derivatives
were sequenced by dideoxy nucleotide chain termination method,1 To whom correspondence should be addressed: Department of
using dye-primer kit purchased from Applied Biosystems.Hygienic Chemistry, Meiji College of Pharmacy 1-22-1 Yatocho Ta-

nashi Tokyo 188, Japan. Construction of rhodanese expression vectors. From Rho1.1 on
pBluescriptII SK-, XbaI to HindIII fragment was transferred to aThe nucleotide sequence of human liver rhodanese cDNA reported

in this paper has been submitted to the DDBJ / EMBL / GenBank mammalian expression vector pRc/CMV (STRATAGENE), pRc/CMV/
Rho1.1. From Rho1.1 on pBluescriptII SK-, NcoI to EcoR I fragmentDNA databases with accession number D87292.

Abbreviations used: bp, base pair; IPTG, isopropyl-b-D-tiogalacto- was transferred to E.coli expression vector pGEX-2T (Pharmacia-
Biotech Uppsala, Sweden), adjusting codon frame, pGEX-2T/Rho1.1.side; GST, glutatione S-transferase; MST, 3 *-mercaptopyruvate sul-

fur transferase; SDS, sodium dodecyl sulfate. They were transformed to E. coli XL-I Blue and selected. Plasmids
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for the transfection were purified by equilibrium centrifugation in
CsCl-ethidium bromide gradients.

Transformation and expression of rhodanese in E. coli. The plas-
mid was transformed to XL-I Blue. Overnight cultures of bacteria
transformed were diluted 10-fold with fresh 2xYT medium supple-
mented with ampisillin (100mg/ml) and cultured for 6-8hr at 287C to
OD600 of 0.9. Expression of human rhodanese was induced with 15mM
isopropyl-b-D-tiogalactoside (IPTG) at 287C for 20hr. The cells were
harvested and lysed by 1mg/ml Lysozyme (SIGMA) with extraction
buffer contained 50mM Tris-HCl (pH8.0), 1mM EDTA, 10% Sucrose,
1mM DTT, and then digested with DNase I 400mg per gram of E.
coli and the lysate was clarified by centrifugation at 30krpm for 5min
at 47C in a Beckman SW50.1 rotor. Supernatants were saved as
samples for the activity measurement.

Cell culture, transformation, and expression of rhodanese in mam-
malian cells. Cos7 cells were cultured in Dulbecco’s modified Ea-
gle’s medium (Flow Laboratories) supplemented with 10% fetal bo-
vine serum (Biocell, Lot No. 4001544). Cells seeded at 21105 cells
per dish (30mm FALCON) were transfected with 2mg of pRc/CMV/
Rho1.1 using Lipofectamine (Gibco BRL). At the same time, vector
plasmid pRc/CMV and mock infection were performed as controls.
The rhodanese activity transiently expressed was determined after
48 hr as follows: the cells were washed twice with PBS, and then
lysed by incubating in 300ml per dish of the extraction buffer (10mM
Tris-HCl, pH8.0, 0.1% Triton X-100, 10 mg/ml aprotinin, 0.5 mM
phenylmethylsulfonyl fluoride) for 15min on ice. The cell lysates were
centrifuged at 15 krpm for 10 min at 47C in a HITACHI RT15S
rotor. Supernatants were saved as samples for rhodanese activity
measurement.

Rhodanese activity measurements. Rhodanese activity was as-
sayed by the modified method of Sörbo, B. et al (3, 15). The reaction
mixture contained 50 mM Na2S2O3, 50 mM KCN, and 40 mM
KH2PO4 in 500 ml. Activities were measured by addition of 50 ml
sample solution and incubated for 5 min at 257C. The reactions were
stopped by the addition of 250 ml of 15% formaldehyde, and developed
by addition of 750 ml of 250 mM Fe(NO3)3 in nitric acid solution.
5min after addition of ferric nitrate solution, absorbance at 460 nm
was measured by U-1000 HITACHI spectrophotometer.

Western blot analysis. Cellular proteins, 30mg each from pRc/
CMV or pRc/CMV/Rho1.1 transfected and mock transfected Cos7 FIG. 1. Nucleotide sequence of the cDNA of human liver rho-
cells, were resolved by 12% SDS-PAGE. Following electrophoretical danese and the predicted amino acid sequence. The deduced amino
blotting to PVDF filter, the filter was treated with blocking solution, acid sequence is shown under the nucleotide sequence in single letter
Block Ace (Yukijirushi, Tokyo), followed by incubation in immunolog- codes. Sequences are numbered on the left, taking the initiation
ical reaction mixture (1mg/ml SicRhoy2 IgG, 3.51PBS and 0.1% codon as 1. Complete coding sequence and portions of the 5*- and 3 *-
Tween20). Rhodanese was visualized using affinity purified peroxi- untranslated region are shown. The open square indicates Cys-248
dase labeled goat anti-mouse IgG (H/L) (Kirkegaard & Perry Labo- which is described as the active site of sulfur-rhodanese (see ref.8).
ratories Inc.) and ECL Western blotting detection system (Amer- AATAAA polyadenylation signal is indicated by underline.
sham).

RESULTS AND DISCUSSION danese. The insert of this clone was mapped with re-
striction enzymes. This insert excised with EcoRI wasIsolation of a Human Rhodanese cDNA subcloned to pBluescriptII SK-.

Two positive clones were isolated from a human fetal
liver cDNA library by using a monoclonal antibody Sequence Analysis of Human Liver Rhodanese cDNA
against bovine liver rhodanaese. This monoclonal anti-
body, SicRhoy2, recognized human, mouse and rat rho- Fig. 1 shows nucleotide and deduced amino acid se-

quence of human rhodanese obtained by sequencing ofdanese. But this antibody did not cross-react with 3 *-
mercaptopyrvate sulfurtransferase (MST; EC 2.8.1.2), the cDNA Rho1.1. The insert contained 1137 bp includ-

ing an open reading frame, polyadenylation signal anda kind of sulfurtransferases similar to rhodanese in
physiological properties. poly(A) tail. The open reading frame contained a pre-

dicted amino acid sequence of 297 residues with a mo-One of the cDNA, designated Rho1.1, appeared to
have sufficient length to contain a coding region of rho- lecular mass of 33.4 kDa. As compared in amino acid
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FIG. 2. Transient expression of rhodanese in Cos7 cells transfected with pRc/CMV and pRc/CMV/Rho1.1. (A) Cos7 cells (21105 cells
per dish) were transfected with 2mg of pRc/CMV or pRc/CMV/Rho1.1 by the lipofection method. The activities of rhodanese were determined
as described in ‘‘Materials and Methods.’’ Bars show the average values of three dishes with variations. (0) shows the result of mock-
transfection. (B) Western blotting of rhodanese expressed in Cos7 cells. Lysates from Cos7 cells transfected with pRc/CMV and pRc/CMV/
Rho1.1, 30mg protein each, were analyzed on SDS-PAGE, followed by immunological staining with SicRhoy2 monoclonal antibody. Relative
molecular masses of markers are shown on the right. Arrow indicates the expressed human rhodanese.

sequence the human liver rhodanese is 89.6% identical We have shown the cloning of a cDNA encoding hu-
man liver rhodanese and the expression of the cDNAto the bovine enzyme. The cysteine at 248th residue
in E. coli and Cos7 cells. Furthermore, predicted aminofound in bovine liver rhodanese is presumed to form
acid sequence of the human rhodanese was comparedpersulfide bond as the active center (7). In addition
with those of bovine, rat, chinese hamster, mouse, andsome other residues presumed to form active domains
avian counterparts (16) in Fig.3. Homology analysiswere conserved.
shows that the human rhodanese is 89.6% identical toFor Northern blot analysis of total RNA from HepG2
bovine, 90.2% identical to rat, 91.2% identical to mousecells, the insert was used as a probe. A single mRNA
and chinese hamster, and 71.4% similar to avian en-band with 1.3 kb was detected (data not shown).
zymes, respectively. This comparison showed that the
primary structure of rhodanese is highly conservedExpression of Rhodanese in E. coli and in
across evolution, suggesting its important physiologicalMammalian Cells
function.

In order to determine whether the products ex- The cloning and sequence of the human liver rho-
pressed in the cells from the cDNA have rhodanese danese were already reported by Pallini et al. (17). They
activity, E. coli cells were permanently transformed have isolated the clone by using a polyclonal antibody
with plasmid pGEX-2T/Rho1.1, and Cos7 cells were cross-reactive with bovine rhodanese. But the amino
transiently transfected with pRc/CMV/Rho1.1, respec- acid sequence reported by them agreed quite well with
tively, and the Cos7 cells were harvested 48 hr after the amino acid sequence of MST, already determined
transfection. by us (manuscript in preparation). MST catalyzes the

The human recombinant enzyme fused to GST ex- transfer of sulfur ion from 3 *-mercaptopyruvate (18).
pressed in E. coli showed approximately 40-fold in- Comparison of rhodanese and MST in human showed
crease in activity relative to vector transformed cells that the amino acid sequences resemble each other and
(data not shown). In Cos7 cells transfected with pRc/ highly matched (59.7%). Polyclonal antibody against
CMV/Rho1.1 the activity was approximately 150-fold rhodanese may have difficulty in discriminating these
(70.88 { 11.68 OD460/mg protein) compared to two con- proteins, rhodanese and MST, and this ambiguity must
trol cells, i.e. mock and vector pRc/CMV transfected have misled them to the conclusion.
cells (0.34{ 0.04, 0.46{ 0.09 OD460/mg protein, respec- Mechanism of localization of the enzyme to mitochon-
tively). Western blot analysis was shown in Fig.2B. The dria and the physiological function of rhodanese are
major band of the products expressed in Cos7 cells is not well understood. Our study may contribute to un-
approximately 35 kDa with a minor band showing deg- derstanding of the physiological roles of these enzymes

in cells.radation product.
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FIG. 3. Homology alignment of rhodaneses from various species. The amino acid sequence of human rhodanese is compared with those
of bovine, rat, mouse, Chinese hamster, and avian. Amino acids are shown in single-letter codes and numbered on the right. The consensus
sequence is shown in the top line. Amino acids with no consensus are indicated by dots in the consensus sequence. Identical amino acids
to the consensus sequence are shown by dots in each rhodanese sequence. Gaps in the sequence are noted with a hyphen.
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